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DevelopmeDtal Histoiy of Fiimar; Segments of the Vertebrate Head ^). 

I. Introdactoiy. 

1. Berlew of Llteratare. 

That the Vertebrate head is composed of Begments similar to 
those that constitute the trunk, has gradually become a fixed point 
in philosophical morphology. Althoogh there is no dissent upon the 
question of the segmental nature of the Vertebrate head, the question 
of what constitutes the criteria of the segments, of what is their 
number and their anterior limit, is still under controversy. There 
has been a gradual change of front and the evidence has been shifted 
from sutural joints (Oken, 1807; Goethe, 1820; Owen, 1832), to 
cranial nerves (Huxlbt, 1859), to branchial clefts and cranial nerves 
(Geqenbade, 1878), head cavities (Balpoub, 1878; Vak Wijhe, 1882, 
and others), and finally to s^ments of tbe neural tube (B^banbce, 
1884; Oee, 1887; McClohb, 1860; Waters, 1892; Loot, 1896). 

The literature in all these lines has been reviewed somewhat 
extensively and it seems necessary for the purpose of this paper to 
give only a brief review of the more important results attained by 
study of a) the Mesoderm of the Cephalic Region, and b) the Seg- 
ments of the EncephaloD. 

a) The Mesomeres of the Cephalic Region. 

Balfoub pointed out in 1878 that the mesoblastic somites are 
present in the head in a modified form. To them he gave the name 
of head cavities and suggested that they are homologous with the 
mesoblastic somites of the trunk. The subject was further advanced 
by Marshall, '78 and '81, and by Vak Wijhe, '82, whose paper has 
been accepted as the standard reference for cephalic segments in the 
Elasmobranchs. He described nine cephalic mesomeres in Scyllium 
and JVisMwMs. These observations inat^rated a new era in the 
investigation of the problem of head s^mentation, based upon the 
study of Selachittn embryos. 

The post-otic segments of Van Wuhe have been verified by 
many observers who agree further that these segments are serially 
homologous with the myotomes of the trunk. The pre-otic region, 



1) Contribution from the Zoologioal Laboratory of Northwestern 
University uader the direction of Wm. A. Loov. 
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however, coastitutes a disputed territory. Rabl, '92, finds bnt three 
segments in this region, while Dobkn, '90, has observed from twelve 
to fifteen. The following brief review will show that there is also 
lack of bamony regarding the morphological value of these s^ments. 

Ablbokn, '84, verifies the work of Van Wuhe with one ex- 
ception — he makes one mesomere out of Van Wijhe's segments 3 
and 4. He reaches tlie important conclusion that branchiomeres are 
independent of mesomeres, and that the cephalic mesoderm presents 
a typical metamerism "which developmentally is in perfect harmony 
with the primary trunk somites". 

GeOENBAUK, '87, considers Van Wuhb's head somites very dis- 
similar, structures. The 7th, 8th and 9th, he classifies as ctenogenetic, 
those cephalad to these he designates as palingenetic He believes 
there was originally complete concordance between branchiomerism 
and mesomerism, but that subsequently, by a disappearance of some 
branchial arches, trunk segments are projected forward. He discredits 
the s^mental value of Van Wuhb's first mesomere and is of the 
opinion that the present number of cephalic segments gives no trust- 
worthy indication of the ancestral history. 

According to Kabtschereo, '88, the anterior trunk somite in 
Selachian embryos is the first ontogenetic mesomere. To this, new 
segments are added both caudad and cephalad, the latter growing 
more and more indistinct towards the cephalic end where they finally 
disappear in the vicinity of the first gill clefts. Between the first 
and third gill clefts the evidence of metamerism is so indistinct that 
the author is unable to determine the number of segments in this 
region. He confirms the observation of Ahlbobn regarding the in- 
dependence of branchiomeres. He is also inclined to discredit the 
morphological value of these "head cavities" as segmental organs and 
says (in: Anat. Anz., V. 3, p. 761): "Although I do not agree with 
Van Wuhb as to the morphological interpretation of the head cavities, 
yet their ultimate fote, as described by this author, I completely con- 
firm" (Author's translation). 

The following year Rabl, '89, expresses the view that the 5th 
to 9Ui somites of Van Wuhe represent true metameres but believes 
the segments cephalad to these are structures sm generis to which 
must be assigned a difierent morphological value. In '92 the same 
opinion is again expressed. 

In the pre-otic region of Torpedo marmorata, 3 mm long, Dohbn, 
'90, finds 13 to 15 segments, which, taken with the four post-otic 
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segments, that he considers homologous vith Van Wijhe's — 9 
somites, makes a total of 18 to 19 cephalic mesomeres. Killiah, '91, 
confirms this with one correction finding 17 to 18 segments. Miss 
Plait, '91, adds an anterior cavity in Aeanthias vuigaria to Van 
Wuhb's nine mesomeres. She also finds one cephalic segment caadad 
and reports one between Van Wuhb's 3rd and 4th segments making 
a total of 12 cephalic mesomeres. Hoffmann, '94, reports ten in 
Aeanthias adding one caadad to the 9th observed by Van Wijhe. 

Van Wuhe, Dohen, Killiah, Miss Platt and Hoffmann, regard 
these cephalic segments as serially homologous with the somites of 
the trunk proper. 

Sedqwick, '93, records & variable number of cephalic mesomeres 
and doubts their segmental value. In support of this view he offers 
the following argument (in: Quart. Journ. micr. Sc, V. 33, p. 676): 
"But even if Dohbn is right in his enumeration of the anterior somites, 
it is clear that Torpedo differs from Scyllium, Ittya and PrisHurvs, 
whether my account or Van Wijhe's be taken as correct. For iu 
Torpedo there are four somites where in the other genera there is 
most unquestionably one, e. g. the somite of Wijhe. It would appear, 
then, that if the number of primitive cranial somites in any given 
region of die head does really differ in closely allied genera in the 
manner indicated by the divergent observatiODs of Van Wijhe, Dohen, 
KiLLiAN and myself, the supposed indlcatiosa of segmentation which 
are found in the adult and are constant throughout the Vertebrata 
can have very little value as real tests of primitive metameric seg- 
mentation. We may, I think, even go further and say that the adult 
arrangement of nerves and branchial arches, etc., characteristic of the 
Vertebrate bead, must have arisen subseqaently to the disappearance 
of primitive segmentation." 

KuPFFBE, '92, who has given much study to the head cavities in 
Aeipenaer and Ammoecetea writes as follows (in : Ergebn. Anat. Entw., 
V. 2, p. 522) : "I assume that these head-cavities represent rudimentary 
gill pockets which upon the disappearance of the old mouth of Pa- 
Ueosioma, lost their function. On the contrary their origin as direct 
diverticles of the fore-gut clearly indicates that they are visceral clefts." 

It is a significant fact that Hatschek, '92 (according to Kupffeb, 
'92), has found seven p&ir of entodermic evaginations in the cephalic 
region of Amphioxus, which in later stages become constricted from 
the foregut and occupy a position ventrad to the segmented mesoderm. 
As to the ontogenesis of these pockets that Hatschek regards as 
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rudimentary, be says (in: Verb. anat. Gee., 1892, p. 144): "Sym- 
metrical in their origin they become in later development unsym- 
metrical, the right one is extended and the epithelial cells of the wall 
become quite flat and enclose a large triangular space, ventral to the 
chorda, in the anterior end of the body. The left sac has a thick 
wall, develops cilia and takes a diagonal position onder the chorda, 
and finally forms a little opening on the left side after dividing into 
two divisions. The division on the left side which has the external 
opening is wider and ciliated, the one to the right forms a blind 
pocket and is narrower. The external opening which enlarges is 
ventral and to the left of the chorda" (Author's translation). 

Sbwertzoff '), '95, is unable to find pro-otic segments in embryos 
of Adp^iser and Siredon. After a careful review of the literature he 
concludes that "between the auditory vesicle and the anterior dorsal 
arch of the occipital region three somites are found in the shark 
(the 5th, 6th and 7th somite); but only two in Amphibia and Birds. 
In Amphibians (Anura) and Birds, one more mesodermic e^ment is 
found in the pro-otic region. In this manner the conclusion to which 
we come is as follows : there was a time when the cephalon was seg- 
mented in tiie ancestors of the present vertebrates. . . . The somites 
that lie in front of the 2nd somite of the meta-otic region of the 
Urodeles [which corresponds to the 7th head somite of the shark 
(Vah Wuhe, Hoffuanm) and the 6th of the lamprey (Hathchbk)], 
are segments common to all Craniota and consequently primitive head 
metameres. Gradually the following segments which originally be- 
longed to the trunk were added to the component elements of the 
head; at first the occipital arch and the myotome which lies before 
it, the Urodeles have remained at this stage which is common to all 
Onathostomata; in Anura another myotome is added to the head; 
finally we have in the case of Fishes, Sauropsida and Uammalia the 
moat complete expression of this process, a whole series of trunk 
segments being added to the component elements of the head. In 
general the evolution in the back part of the head can be traced to 
the disappearance of metameres which took place from in front back- 
wards and to the gradual transformation of the front segments of the 
trunk into the back part of the head" (Author's translation). 

In 1898 the same author reports 9 cephalic segments in Pritti- 
urus and 10 in Aeanthias. He thus confirms the observations of 



1) in: BuU. Soc. imp. Nat. Uomon, No. 2, p. 273. 
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Van Wubb and Hoffuanh. In Torpedo, however, he finds 13 meso- 
dermic segments. According to Sewebtzoff one segment in Aeanfftias 
and four in Torpedo have been added to the cephalic region, caudad 
at the expense of the trunk proper. In this short commnnication 
the author renins from a discusaioD as to the morphological value 
of the pre-otic segments. 

The review of literature, with exception of the last author quoted, 
has dealt lai^y with cephahc metamerism of Selachiiuis. In other 
Vertebrates, Uie mesodermic head cavities appear indistinct, and but 
few observations are recorded upon them. Scott and Obbohn, *79, 
were probably the first to observe series of coelomjc cavities in the 
head of Amphibian embryos. Miss Platt, '94, finds in Neetw^us 
4 pre-otic and 5 met&^tic segments which she considers homologous 
with the nine conventional segments described by Van Wijhb. Houa- 
8at, '90, has observed 11 in the Axolotl, while Oppel, '90, in Anguis 
raibryos describes Van Wijhe's 1st to 3rd and 6th to 9tb segments. 
Lastly, GoRONOwiTscH, '92, finds one pre-otic and two post-otic seg- 
ments in embryos of the chick. Th^ are very transient and are 
present in embryos with 6 to 9 somites. 

The review of literature dealing with the cephalic mesomeres 
makes two points clear: 

1) Observers disagree as to the number of pre-otic segments. 

2) They disagree as to their morphological value. 

The discrepancies in observation and disagreement in inter- 
pretation of head cavities is more extensive than is usually recognized. 
The natural presumption is in favor of making the mesomeres of the 
head carry the marks of primitive s^mentation — as they do in the 
trunk, but it is worth while to keep in mind Sedqwick's suggestion 
that evidences of primitive segmentation will appear early in develop- 
mental history and that the metameric arrangement of bead cavities 
as well as nerves and branchial arches may have arisen "subsequently 
to the disappearance of primitive segmentation". 

b) Segments of the Encephalon. 
A revival of interest in the problem of bead segmentation came 
with the relatively recent discovery that the entire neural tube of 
young Vertebrate embryos is divided by transverse constrictions into 
similar s^ments. The case presented by those s^ments has been 
especially strengthened by showing (Loct, '93) that they antedate the 
mesomeres even of the trunk r^on. On the whole there is better 
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agreement among the observers as to the number and character of 
these segments than there is as to the mesoblastic divisions of the 
head. The chief differences lie in reference to the fore- and mid- 
brain regions. 

Early observations of folds in the hind-brain are recorded by 
VON Baes, '28, who saw them in the chick during the third day of 
incubation ; by Bischoff who found them in the dog ; by Remak, '50, 
who suggested a possible nerve relation, and by Dubsy, '69, who 
connted six folds in the hind-brain of the embryonic cow. Dohrn, 75, 
contrasted this segmentation in the medulla of bony fishes with the 
metamerism of insects, thus suggesting a segmental value. Mihal- 
KOVIC8, 77, and Balfoub, '81, were inclined, however, to give a 
mechanical interpretation to them. 

Although Rehae in 1850 had suggested that the segments of the 
medulla possibly bore a definite relation to the cranial nerves of that 
region, this relationship was not determined or placed on a sal>- 
stantial basis till B^eanbck in 1884 showed that, in embryos of 
Laeerta agilis, from 3 to 7 mm in length, the connection of cranial 
nerves with definite s^^ents of the medulla was both constant and 
regular. BiSranbck thus contribated the first real factor in establishing 
their segmental relations. In 1887 he reached similar conclusions from 
observations on embryos of the chick. 

Kufffbk's observations are extensive and cover a period of 
several years, in 1884 he describes five segments in the medulla and 
three in the mid-brain of trout embryos, 18 to 20 days old, assigning 
to them 8 s^mental value. He also finds five segments in the medulla 
of Mammalia. In the following year '85, he observed in young embryos 
of 8(damandra atra with a wide open neural groove eight 
cephalic segments. Each segment is bounded anteriorly and posteriorly 
by transverse folds that occupy the median part of the cephalic 
plate but does not effect the margins of the neural groove. In 
1893 in his "Vergleicbende Entwickluogsgeschichte des Kopfes der 
Granioten" he reprints these conclusions. 

Oaa, '87, describes in detail six segments in the hind-briun of 
AnoUa and traces very definitely their connection with the cranial 
nerves of this r^on. He discusses the histological condition of these 
segments ("oeoromeres") and gives five criteria by which a typical 
s^ment may be identified. (A discussion of these criteria ap- 
pears below.) He finds no neuromeres in the encephalon cephalad 
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to the mid-brain but assumes that in aDcestral forms there was a 
segmental condition of this region. 

BOFFUANN, '88, reports seven segments present in the hind-brain 
of Laeerla and Tropidonoiua, adding one cephalic segment candad to 
the six neuromeres that Okr described in Anolia. The author differs 
somevhat from Ore as regards the relationship of the cranial nerves 
to these segments. 

Miss Platt, '89, divides the encepbalon of the embryonic chick 
into seven primary segments. Five of these are in the medulla, the 
cerebellum constitutes one and the primary fore-brain and mid-brain 
one. From her descriptions, it appears that the "neoromeric segmen- 
tation" has been confused with the division of the front end of the 
neural tube Into brain vesicles. 

McClubb, '90, demonstrates nearomeric segmentation throughout 
the neural tube and also verifies, in the chick and lizard, Obb's hind- 
brain neuromeres but finds only five segments in this region in Am- 
Ui/stoma. Be finds two neuromeres in the fore-brain and assumes, 
from the examination of figures, the existence of two in the mid-brain. 

Waters, '92, decides that there are three neuromeres in the 
fore-brain of Teleosts ; two in the mid-brain and six in the hind-brain, 
making a total of eleven in the entire encephaloo. He confirms the 
observation of McClube regarding the presence of but five neuro- 
meres in the hind-brain of Amblystoma but suggests that the reduction 
is probably due to a fusion of two segments. 

Fbobiep, whose contributions like those of Kufffbb extend over 
a number of years, finds in embryos with the neural groove widely 
open, five segments in the cephalic plate of Triton eristatus and font' 
in Salamandra maculosa. In 1891, he finds two segments in the 
diencephalon and three in the mesencephalon of the mole and assigns 
to them a metameric value. The next year he withdraws from tiiis 
position and says: "the segmentation is merely pusive mechanical 
results of rapid longitudinal growth in a limited space and has there- 
fore no morphological significance." The early neural segments de- 
tected by KuPFPEK in SalamanA'a atra he believes to be tbe result 
of underlying mesoderm-somites and concludes that "The jointing of 
the Vertebrate body is dependent upon the middle germ layer". 

Herhick, '92, finds six neuromeres in the medulla of Ophidiiui 
embryos and makes the very pertinent statement: "if neuromeres once 
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existed in the fore-brain the; vontd onl; be visible at an early stage 
and would be obscared by altered conditions". 

According to Zimheruamn, '91, there are e^ht encephalomeres 
in Salamander embryos in front of the first protovertebra. The three 
cephalad encephalomeres are large and subsequently divide, the first 
into two and the second and third each into three, making a total of 
13 cephalic segments. The author thinks the three lai^ cephalad 
encephalomeres are originally compound and that for some reason the 
subdivision is retarded in this region. 

Finally, Loot, '95, traced the segments of the neural tube in 
sharks back to very early embryonic stages before the eyes evaginate 
or the somites of the body appear and claimed that tbey are identical 
with the nenromeres of Obb and McCldre. The resnlts <^ my studies 
on chick embryos tend to confirm the very early appearance of the 
neural s^ments and to show that tbey are identical with the neuro- 
meres so widely observed in later stages. Locy finds eleven segments 
in front of the origin of the vagus nerve, six in the hind-brain, two 
in the mid-brain and three in tbe primary fore-brain. Later in the 
ontogeny three segments from the spinal cord are incorporated in 
the cephalic region, making a total of 14 cephalic segments. Keal, '98, 
working upon the same material, finds the segments described by 
LocT in the early embryonic stages but claims for them great 
irregularity, and, failing to find them in embryos with closing neural 
groove concludes that tbe early segments are mechanical formations 
and in no way related to the neural segments that are present later 
in the ontogeny. With Van Wuhe he finds nine cephalic mesomeres 
and also describes seven encephalomeres, distributed as follows: the 
fore-brain one, the mid-brain one, and the hind-brain five. 

Two important conclusions in reference to neuromeres appear 
from the above review: 

1) There is substantial agreement among observers as to the six 
segments in the hind-brain, their nerve relation and metameric value. 
When more than six have been observed (Hoffuahn, '90, Loct, '9.0) 
segments caudad to the true sixth have been counted. 

2) There are but few observations on the encephalic segments 
that lie in front of the cerebellum. 

The following observations on the primitive segments of Teleost 
and chick embryos were made during 1898 and 1899 in the Zoological 
Laboratory <tf Northwestern University. It is a pleasure to acknow- 
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ledge here my great iodebtedDoss to Dr. Loot, the Director, for constuit 
Buggestions and for his iDterest and assistance during the whole period 
of my work. The observations show the very early appearance of oearal 
segments and their identic with the nenromeres of B^ranece, Ohb 
McCluue and others. They show clearly in the eu-liest stages the 
condition of the primary s^ments of fore- and mid-brains, and stages 
in their modification up to the time the segments become obliterated 
by the expansion of the brain wall of this region. 

The experience gained by the author in tracing the history of 
the epiphysial vesicles in Teleosts (Hill, '91 and '94) afforded a 
valuable and really essential preliminary training for the work in- 
volved in this paper*). 

8. Manlpnlatton of Kateilsl. 

As the work contemplated the study of these s^ments first in 
the living embryos, chick and Teleosts were selected. It should be 
remembered such a study presents many di^cuities. The study of a 
single living embryo is necessarily limited in time. The material cannot 
be laid aside and the observation repeated at a later date. Neither 
as a rule is a comparative study of different ages possible. The 
transparent nature of the embryos often leads to confusion because 
segments of the two sides may appear indiscnminately mixed. This is 
especially true of side views when studied under the compound micro- 
scope. A good dissecting microscope gives in many ways better ser- 
vice, as it enables the operator to manipulate his material to greater 
advantage. This is especially true of preserved embryos when studied 
as opaque objects where delicate shadows serve to detect seg- 
ments. 

The follovring Teleosts*) were studied: Saimo fontmalis (biiTca.), 
S. purpuratus (Pallas), S. fario (L.) and Coregotms aJbus (Gbr.). 
Id order to repeat observations upon living material, cultures were 
reared differing in age from 6 to 10 days. The temperature of the 
lake water where these developed was 10 degrees colder than the 



1) As early as 1890, observations were begun by the anthor, on 
neural segments of Teleoeta, in the University of Michigan, at the 
suggestion of Prof. Rbiohabd, but were discontisned in order to follow 
the faietory of the epiphysial outgrowths in the same group of animals. 

") Z desire to express my thanks to the United States Board of 
1 for liberal sapplies of Teleost material. 
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water of rivers where, the eggs at hatcheries are reared. Growth 
therefore was retarded so that embryos 25 days old were approxi- 
mately developed no farther than those 30 days old at the hatcheries. 
An allowance of 4 to 7 days most be made if the age of the embryos 
described is compared with the age of embryos that develop in hatch- 
eries at die normal or higher temperature. 

The gelatinous envelope of the Salmo e^ was removed before 
the embryo was killed with the fixing reagent The living embryos 
sketched were numbered and the observation repeated upon the pre- 
served specimen. In dissecting preserved material it was soon dis- 
covered that the most desirable specimens to b^n work upon were 
embryos with 35 to 40 somites where the neural segments of the 
medulla are very prominent These segments were then traced through 
a close series of younger stages as well as in older forms. Further- 
more, as the segments appear as a rule more distinctly on the inner 
aspect of the brain wall, it became desirable to expose this surface. 
This can be done by dissecting away one side of the brain wall or 
dividing the embryo into lateral halves. The latter form of mani- 
pulation gave very satisfactory results in Salnw material but with 
chick embryos this process was less satisfactory on account of the 
hollow nature of the neural canal. 

Finally the embryos were sectioned in the ordinary way and the 
sections studied in the light of the knowledge gained from the study 
of the living and dissected specimens. Without this knowledge the 
study of sections would certainly lead to confusion if not error. The 
secondary divisions that frequently are present would eventually be 
confused with the primary ones. 

The conventional way of studying cephalic metamerism has been 
almost exclusively by the process of sections. Locr, '95, diverged 
from this method by dissecting away the cephalic mesoderm in embryos 
of the shark, and thus exposed the entire encephalon with its seg- 
mental folds. I have used this method with gratifying results in 
embryos of both the chick and the trout. By sweeping the neural 
tube clean from all surrounding tissues, it is certainly true that with 
properly reflected light, neural folds can be detected in this manner 
that could not be observed in any other way. 
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n. DescriptiTe. 
A. Encephalic S^pnents of Teleosto. 

a) Nearal Segments of Saimo observed Id Living and 
Dissected Embryos. 
I have foDDd 11 encephalic segments in Saitmo, and bave traced 
their history from embryos with 19 somites, 16 days old, op to 
embryos vitb. 36 somites, 38 days old. 

PiR. A- 




Sketch A is a camera tracing of the anterior portion of a living 
embryo of Sahno pta-puratus, 16 ') days old. The optic vesicles are 
present as two solid, elliptical, cellular masses that are turned caudad 
and applied closely against the lateral walls of the encephalon (op.vea). 
The proliferation of the optic vesicles b^ns in embryos two days 
yoonger. Sections of embryos of this age reveal the presence of the 
lens, which is still attached to the epiblast. The central canal of Uie 
neural axis has not yet appeared. Along the dorsal crest of the 
cephalic r^on are 11 transverse grooves or constrictions that divide 
the encephalon into 11 segments or joints {1 — 11). The transverse 
groove (/), that lies midway between the optic and the auditory 
vesicles, is deeper than the other grooves and marks the posterior 
border of segment 6, which later forms the cerebellum. It is de- 
sirable to call particular attention to this groove, as in later stages it 
becomes very conspicuous and forms clearly the dividing line between 
the cerebellum and (he medulla, enabling us thus to identify with 



p. 13. 



I See obssTratioDB on age in relation to temperature of the water 



ov Google 



- 15 — 

certainty the anterior limit of the latter. Candad to this depression 
there are fire distinct s^ments that constitute the medulla (7 — If). 

The auditory vesicle lies opposite segment 10. Gaudad to this 
vesicle and at a distance equal to two segments of the medulla, or 
approximately to the width of three myalomeres, is the first body 
somite. I was unable to observe, at this stage, any s^mentation 
in the heavy mesoblaatic pad that occupies the space between this 
somite and the auditory vesicle. 

Cephalad to the deep groove (f), the neural axis is divided. into 
6 segments by the presence of five transverse dorsal grooves, that 
appear fointer but otherwise resemble the grooves that divide the 
medulla into s^ments. The one between segmmts 3 and 4 (c) is 
deeper than the other four, and as the posterior commissure later 
appears at this point, we may speak of this groove as the dividing 
line between the primary fore-brain and mid>brain. The former is 
therefore made ap of three segments (1 — 3); the mid-brain and 
cerebellum likewise of three segments {4—$). As will appear later, 
segment 6 develops into the cerebellum and segments 4 and 6 there- 
fore represent the mid-brain. In older embryonic stages these en- 
cephalic divisions become very distinct and can be traced with ac- 
curacy in both living and dissected as well as divided specimens. 



Fig. B. 




In a living embryo, two days older (sketch B), the head fold is 
a little deeper, and the optic vesicle, which now presents a cavity, is 
folded back upon itself to form the optic cup. The lens is completely 
constructed from the epiblast. The auditory vesicle lies a little farther 
caudad and partly covers segments 10 and 11. The 11 encephalic 
segments are present as described in sketch A, but the dividing 
grooves are deeper and can be traced a short distance down the sides 
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of the neural axis. The first indication of a true neural canal has 
appeared ae a fine median cleft dividing the neural axis into lateral 
halves. Again the doraal groove (f), that marks the posterior border 
of the cerebellum, is deeper than any of the other encephalic con- 
strictions. A lateral neura! expansion has taken place in this Ticinity, 
which with the formation of the neural canal, leaves a thin trans- 
parent roof covering this depression. 

The six segments in front of the constriction (f) have become 
more distinct. The dorsal depression (e), vhich separates the primary 
fore-brain from the mid-brain, can be identified by ite position 
which, as in sketch A is dorsal to the middle of the lateral eyes, and 
also by the fact that it is deeper than the other segmental con- 
strictions of this region. The segments otherwise are both nniform 
and constant and resemble those of the medulla, except in degree of 
distinctness. 

Thus far these 6^:mental grooves have been described as though 
they were confined exclusively to the dorsal region of the eneephalon. 
In living embryos, 16, 17 and 18 days old, I have been able to ob- 
serve tbem only in this region. In older embryos, however, both in 
living and dissected specimens, these grooves can be traced ventrally 
around the eneephalon. The many difficulties involved in dissecting 
them in the early stages render it possible that in embryos 16 — 18 
days old they encircle the eneephalon just as they do in older forms, 
but partly on account of their delicacy because the cephalic mesoderm 
is more dense towards the ventral region of the eneephalon, I have 
only been able to observe them along the dorsal zone. For like 
reasons I deem it very probable that these segments are present in 
even younger embryos than 16 days old. 

Id hardened embryos, 19 days and older, the brain walls have 
been laid bare by complete removal of the cephalic mesoderm and 
tlie brun thus exposed has been studied by reflected light Fig. 1, 
Plate 28, represents the right profile view of the eneephalon of an 
embryo 19 days old, with 39 somites, prepared in this manner. The 
thin transparent roof of the medulla is removed. Fig. 2 is a dorsal 
view of the same specimen. In this case it is clear that the trans- 
verse grooves pass externally down the lateral waUs and ventrally 
around the whole neural axis. 

Having removed the large lateral eyes and the cephalic mesoderm, 
the five anterior grooves are much better observed than is possible 
by the study of the living embryo. The auditory veside in this 
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specimen lies nearl; opposite segment 10, its posterior margin over- 
lapping a part of segment 11. The lateral expansion that nas 
mentioned in describing 18 day embryos (sketch B) has gradually 
increased and involves the dorsal portion of segments 6 and 7. It 
shonld be remembered that only the anterior half of this expansion, or 
segment 6, represents the cerebellum. In profile view, Fig. 1, it wilt 
be seen that ventrally, this expansion is slightly directed cephalad. 

The transverse constrictions that mark the limits of the five ceph- 
alad segments are less distinct than those of the medulla, but like 
the latter pass ventrally around the encephalon (Fig. 1). Segment 1 
is elliptical and forms the front end of the neural axis. Segment 2 
has the form of a wedge. Its broad end is turned ventrad and slightly 
expanded to form the first traces of the infundibulum (inf). Segment 3 
has also the form of a wedge but in this case the broad end is 
turned dorsad. These three segments (/, 2 and 3) develop into the 
primary fore-brain as will appear more clearly in later stages. The 
two s^meDts of the mid-brain {4 and 5) are also well defined by 
the presence of external, transverse, segmental grooves. 

The presence of these transverse grooves in the fore-part of the 
brain gives a clear picture of eegmente or joints. As these grooves at 
this stage of development encircle the neural axis the segments em- 
brace both dorsal and ventral zones. As will be observed Uter the 
appearance of the inner walls of the fore- and mid-brains in the 
specimens is worthy of especial notice. The lines separating the s^- 
ments are d^nite and the number of segments can be counted on 
both the inner and the outer aspect of the] encephalon. In both 
cases, there are 5 segments in this region, 3 in the primary fore- 
brain and 2 in the mid-brain. Tbe transformation of these s^ments 
is interesting and if closely followed clears up some obscare points: 

1) The most anterior segment is that of the olfactory, or segment 1. 

2) The optic nerve and the infundibulum come from s^ment 2; 
the pineal outgrowth from the roof of segment 3. 

Fig. 3, Plate 28, shows the left profile view of the encephalon of 
a dissected embryo 22 days old, with 34 somites. Tbe lateral ex- 
pansion of segments 6 and 7 is no longer restricted to the dorsal 
r^on but affects the ventral portion of these segments. The ventral 
growth of the second segment to form the infundibulum is much ad- 
vanced and has its distal end directed caudad. In the ventral and 
anterior mai^n of this st^irmeiit is a small circular depression (opf. ») 
which marks the union of the optic stalk with the encephalon. 
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Fig. 4 and sketch G are camera drawings of a linng embiyo of 
the same age as the one just described. A thin transparent ud- 
segmented roof covering die encephalic segments, has been formed. 
The segments of the medulla are very distinct, the segmental grooves 
passing directly across the floor of the 4th ventricle to be conttDoed, 
in the same tranBverse plane, on the eztemai sorface both lateraJly 
and ventrally. 

As was observed id younger embryos, the dorsal groove if) which 
marks the anterior limit of the medulla, continues to be deeper than 
any of the other dorsal constrictions. The first two grooves cephalad 
to this, mark respectively the anterior limit of the cerebellum and the 
second segment of the mid-brain, and can be traced around the en- 
cephalon in a manner similar to the grooves of the medulla. The' 
three grooves anterior to these are less distinct The posterior limits 
of segments 1, 2 and 3, could he detected only along the dorsal en- 
cephahc crest. In view of the fact that these grooves are very distinct 
on both the inner and the outer sur&ces of the encephalon, in divided 
and dissected embryos of this age as will be shown later, I have 
concluded my failure to trace them ventrally along the sides of the 
brain in living embryos, was due to the presence of the eyes that are 
closely applied to the brain wall of this region, and also to the 
cephalic mesoderm that forms a dense tissue jast dorsal to the optic 
vesicles. 

Figs, 5 and 6 present dorsal and lateral views respectively of 
the cephalic portion of a living embryo 23 days old, with 25 somites. 
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In the dorsal view (Fig. 5) it will be observed that a lateral expansion 
has takea place both candad and cepbalad to the deep constriction 
(/)- The expulsion involves segments 6 and 7 and occars also in the 
chick. The limits of (he five anterior segments were marked by both 
external and internal transverse grooves and these segments coold 
therefore be clearly counted. 

Since segments 2 and 3 are reciprocally wedge-sbaped their re- 
lative width in a dorsal view depends npon the optic plane in which 
they are observed. The camera tracing of Fig. 5 is taken from a 
median horizontal plane, and segments 2 and 3 are therefore equal 
in size. 

As can be seen in the profile views, the embryos at this age are 
curved ventrally to conform to the spherical yolk upon which they 
rest. Fig. 5 was sketched &om two points of view. A camera 
tracing was first made of that portion of the head in front of the 
cerebellum. The embryo was then rotated, till the line of vision 
formed a right angle with the horizontal plane of the medulla and 
another sketch made and attached to the former. Fig. 5 Urns 
represents the cephalic end, not curved, but straightened. 

Fig. 5 should be compared with Fig. 7, which shows the dorsal 
view of a living embryo, 36 days old, as seen from one point of view 
only. In the latter, Uie medulla is very much fore-shortened, and the 
raid-brain much expanded laterally and presenting distinctly two aeg- 
ments {4 and S). The primary fore-brain appears as a narrow tube 
closely compressed between the large lateral eyes. The region in- 
clading the primary fore-brain and mid-brain, thus have become pear- 
shaped vrith the pointed end turned cephalad. The three segments of 
the fore-brain show in this view. The second (s^ment 2) is very 
narrow in the dorsal r^ion and widens ventrally (see side views), 
while segment 3 is relatively broad in the dorsal r^on but very 
narrow in the ventral zone. 

Id dissected embryos one day older (Fig. 8) than the one just 
described, the expansion of the cerebellum (segment 6) is very distinct. 
The transverse external groove that marks its anterior limit, and thus 
separates the cerebellum from the mid-brain, has become deep and 
passes from the dorsal crest of the encephalon laterally and ventrally 
towards the base of the brain where it disappears. The dorsal 
groove (/*) that forms its posterior limit, still continues to be deeper 
than the other transverse grooves of the medulla. The segments of 
the latter have passed ventrad, a process that appeares to accompany 

2* 



ov Google 



^is. D. 



— 20 — 

the encephalic expansion that was mentioned in the description of 
Fig. 5. 

From an external view five segments can still be detected in that 
portico of the brain that lies cephalad to the cerebellnm (I — 5 Fig. 8). 
The anterior segment in profile view appears somewhat elliptical. 
Segment 2 has become very narrow doisall;^ while ventrally it ex- 
pands into the relatively large infnndibulum, which is directed caudad 
and extends back to a point opposite the middle portion of the mid- 
brain. Segment 3 is dorsally very broad while ventr&Ily it tapers to 
a point. Externally the mid-brain now appears unsegmented, save for 
a ventral constrictioD that lies jast dorsal to the posterior margin of 
the infimdibulum. 

Sketch D is a camera 
traciDg of the cephalic end 
of a living embryo, 32 days 
old, rotated towards the 
right and viewed from a 
point slightly in front and 
above the embryo. The 
sketch was made to show 
the position of the posterior 
commissure (po. com) which 
at this age is present as an 
opaqae transverse band of 
fibres that pass across the 
roof of the enc^halon and 
unite on each side with the anterior portion of s^^eot 4 and the 
posterior portion of segment 3. SimoltaDeoasly with the formation 
of the commissore, a groove or notch appears in the same position 
in the dorsal wall of the brain. This groove has thus a different 
history from those that are present in the base of the brain and 
therefore a correspondingly different morpboic^cal value. 

The oldest living embryo in which I have been able to satis- 
factorily observe the presence of neural segments is represented by 
f^. 9. The segments of the medulla are fainter than in earlier stages 
bnt it should be noted that they can be traced in the foie- and mid- 
brain r^ons as well as in the medulla. In front of the cerebellum 
the two s^ments of the mid-brain (4 and S) can be seen on the inner 
aspect of the encephalon through the transparent brain wall. In like 
manner the three segments of the primary fore-brain appear (i — 3). 
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These five segmenta of the anterior cephalic region are now confined 
to the floor and sides of the brain in a manner very similar to the 
five segments of the medulla. In both r^ons the segments at this 
age are covered by an ansegmeoted, thin and very transparent roof. 
Closely apphed against the lateral wall of s^ment 1 is the 
olfactory pit {olf.pfj. As in other specimens, the dorsal portion of 
segment 2 is very narrow. The transverse dorsal depression formed 
by the fibres of the posterior commissure (po. com) has become deeper 
than in earlier stages (sketch D). Jast cephalad to this depression 
near the median plane, are the two evaginations that form the right 
and left epiphysial vesicles whose history I have traced in former 
contribntions (Hill, '91 and '94). 

b) Nenral Segments of Salmo observed in Divided 
Embryos. 

The neural segments previously described are even more favorably 
seen by observing embryos that have been divided into lateral halves. 
The inner surfaces of the brain-walls are thus exposed entirely free 
from any cell layers. This form of manipulation can be used only 
after the neural cavity is fully formed (embryos about 20 days old, 
31 somites). Between 20 and 36 day — stages I have a very complete 
series of divided embryos and have been able to trace in them un- 
broken continuity of the s^^ents, bat I shall limit the description 
to a few typical stages. 

Fig. 10 represents the inner surface of the right cephalic half of 
a divided embryo 20 days old with 31 somites. Eleven transverse 
grooves are present that divide this surface into 11 segments {1 — It). 
Fig. 10 compared with Fig. 1, representing the external encephalic 
surface of a dissected embryo one day younger, shows that the ex- 
ternal grooves of the latter correspond with internal grooves of the 
former and thus divide the neural axis into comparable segments. 

As represented in this figure (Fig. 10) the first five segments, 
that form the primary fore-brain and hind-brain, are more distinct 
when viewed in the divided embryo than when studied in the dis- 
sected or the living specimens. In this view the anterior segment 
is biconvex, the greater curvature forming the front of the neural 
axis. Segment 2 is dorsally narrow while ventrally it is broad and slightly 
expanded in a caadad direction to form the first traces of the in- 
fnndibulam (tn^. Towards the ventral portion of this segment there 
is present a small pit or depression (op.n). This is the remnant of 
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the lumeD tfaat primarily communicattid with the faolow optic stalk. 
Segment 3 is dorsally broad and tapers ventrally. Its posterior limit 
ID the dorsal region is marked hj a depression (e) which in older 
stages marks the position of the posterior commissare and therefore 
forms the posterior limit of the pnmar; fore-brain. Between thU 
depression (c) and the deep constriction (f) which, as previously ob- 
served, forms the anterior limit of the medulla, three segments are 
present {4, 5 and 6). One of these, segment 6, is the cerebellum 
and the other two, segments 4 and 5, represent the mid-braiD. The 
transverse grooves that divide the anterior encephalic region into 
segments are distinct and can be counted with as much accuracy as 
the transverse grooves ttiat divide the medulla into corresponding 
sections or joints. In both regions the segmental grooves are better 
defined on the internal than the external brain surface. 

In divided embryos two days older, a very considerable change 
has taken place on the inner aspect of the encephalun. This change 
is represented in Fig. 1 1 which should be comparad with Fig. H. 
The latter represents the external surface uf the same age. In the 
divided specimen (Fig. 11) the deep constriction (f), that forms the 
anterior Umit of the medulla, is at once very apparent. The region 
in front of this constriction constitutes, therefore, the primary fore- 
brain, mid-brain and cerebellum and it is a great satisfaction to have 
the segmental joints so distinctly marked in the controverted territory 
of fore- and mid-brain. Segment 1 is elliptical aud is but little 
changed, either in form or position from the description given of it 
in Fig. 10. Segment 2, not only tapers dorsally but has expanded 
ventrally in a candad direction to form the relatively prominent io- 
fundibulum (i»f). Segment 3 tapers ventrally and, as in Fig. 10, has 
at its posterior dorsal margin a depression (e) which, as stated before, 
marks the p<»terior limit of the primary lore-brain. A horizontal 
furrow intercepts the two segments of the mid-brain giring them thus 
a dorso-ventral length equal approximately to the length of the seg- 
ments of the medulla, and like the latter, have become covered by aa 
unsegmented brain-roof. The developmental history of ttus horizontal 
furrow clearly shows that it has no segmental value. Because of its 
prominence in older embryos it seems desirable in this place to trace 
this history. 

In divided embryos 24 days old (Fig. 12) the horizontal forrov, 
mentioned above, is deeper and longer, and forms not only the dorsal 
limit of the two mid-brain segments but extends over the cerebellum 
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aod in front, above the tliirU segmeut of the fore-brain. From my 
observations on living embryos and from a studf of sections, it 
appears that this farrow is produced by a redaction of cellular 
elements on the inner sarfEu» of the brain wall of this region. This 
reduction spreads dorsally so as to form two diagonal furrows (Fig. 12). 
In later stages the inner wall of the brain-roof of this region presents 
a ragged iqtpearance (Fig. 13), while in still older embryos the sur- 
face becomes more even (Fig. 14) and ultimately smooth (Fig. 15). 
During this process the outer surfoce is unaffected while the brain- 
roof becomes very thin. The method of their appearance and their 
history indicate that these furrows are not of segmental value. 

If we now return to the segmental condition of embryos 24 days 
old (Fig. 12) as observed in divided embryos, we find in this stage, 
the five anterior segments (1—5) confined to the base and the lateral 
walls of the encephalon. In this respect they resemble the s^;menta 
of the medulla (7 — II). The three segments of the primary fore-brain 
are present as described in Fig. U. The groove that separates seg- 
ment 3 and 4 and forms the posterior limit of the primary fore-brain 
has become very indistinct On the other hand the constriction that 
separates the two segments of the mid-brain (4 and ff) is deep. The 
five anterior encephalic segments can thus be counted and are similar 
both in position and form to the five segments {7—11) of the medulla. 

Fig. 13 shows the inner surface ot the encephalon of a divided 
embryo 26 days old. Segment 2 ia more compressed in the dorsal 
region than in younger embryos, while its ventral expansion, that 
forms the infuadibulum , is much enlarged. In the dorsal region 
segment 3 is broad and presents a depression which at this age gives 
the s^ment when sectioned, the appearance of being double (Fig. 43). 
The two segments of the mid-brain (4 and 6) and segment 6, the 
cerebellum, are very distinct. The latter alone extends to the dorsal 
surface of the brain. The depression (f) remains conspicuous as ob- 
served in other specimens. From the bottom of this depression several 
secondary grooves radiate into the base of the brain. From their 
irregularity and their incoostancy J have assigned to them no morpho- 
logical value, although in sections they often present the appearance 
of true segmental limits, and are therefore very confusing. 

In embryos two days older, segment 2 tapers nearly to a point 
in the dorsal region while ventrally it is very broad and expands to 
form the relaUvdy broad infundibulum. Segment 3 is still present 
and distinctly wedged-shaped although its posterior border has become 



ov Google 



- 24 — 

very faint. Segments 4 and 5 are present as described in Fig. 13. 
Segment 5 is relatively email and appears compressed between seg- 
ments 4 and 6. Posterior to the deep constriction (f) the five s^ments 
of the medulla (7—11) are reguhu- and equal in size, and confined to 
the ventral region of the eucepbaton. 

In embryos 36 days old (Fig. 15) (he segments of the medulla 
are about to disappear. With the lateral expansion of the neural 
tube they seem to have passed ventrad and are now confined to the 
floor of the medulla which is covered by a high unsegmented brain- 
roof. The transverse groove between segments 3 and 4 is abaent, and 
only the posterior commissure in the dorsal region marks tlie posterior 
limit of the primary fore-brain. Two or three folds have appeared 
in the lateral walls of the large infundibulum. These in sectioos are 
found to affect both the internal and external surfaces and are thns 
readily confused with true segmental grooves, bat must be given 
different morphological value. Of the two segments that constitute 
the mid-brain only the posterior one (segment &) remains distinct, 
the anterior one (segment 4) having fused with the posterior segment 
of the fore-brain. Segment 6, the cerebellum, has become very broad 
and as in younger specimens, extends to the dorsal surface of the 
encephaton. 

The preceding description justified the following conclusions: 

1) The encephalun of Salmo is divided into li primary segments 
or joints. 

2) The dividing planes between these segments are marked by 
transverse external an corresponding internal constrictions or 
grooves. 

3] These segments appear very early and antedate the historical 

divisions known as fore-brain, mid-brain and hind-brain. 
4) The latter divisions are not simple, but compound and include 
a definite number of primary segments as follows: 
The fore-brain includes 3 segments. 
The mid-brain includes 2 segments. 
The hind brain includes 6 segments. 
The anterior segment of the hind-brain represents the cerebel- 
lum, the other fiver constitute the medulla. 

B. Encephalic Segments of the Chlek. 

In order to secure a very close series of embryonic stages, up- 
wards of 700 eggs were incubated and opened between the ages of 
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15 hours and 6 days. Most of the embryos removed were between 
20 and 40 hours. 

Beginaing observations on embryos 45 hoars old, in which the 
s^^ents of the medulla are unmistakable, and proceeding carefully 
to earlier stages, I have traced these segments in unbroken continuity 
back to embryos with one somite. In older stages they have been 
traced forward to the fourth day of incubation after which tbey 
disappear. 

The age of embryos has been determined by reference to Duval's 
Atlas d'EmbryoIogie. 

a) Embryos with open Neural Grooves (1—6 Somites), 
Ages 21—25 hours. 

When the cephalic mesoderm is dissected away from the neural 
grooves of embryos with 5'/t somites and the specimens studied by 
reflected light, eleven transverse neural constrictions (Plate 29, Fig. 'ji2 
a~k), are to be seen which divide the neural axis into 11 Vi nearly 
equal segments. Figs. 22 and 23 represent respectively dorsal and 
lateral views of the same encephalon of an embryo 24 hours old, with 
5' J, somites, while Fig. 24 represents the encephalon of the same 
embryo after it has been divided and the inner surface of the left 
half exposed to view. In the dorsal and lateral views (Figs. 22, 23), 
the eleven transverse constrictions or grooves can be traced ventrally 
around the whole neural axis. The neural segments, therefore, in- 
clude ventral elements as well as dorsal. If Figs. 22 and 23 be 
examined more closely it will be observed that the 3rd and 6th 
grooves (e and e) are deeper than any of the others. In older 
specimens it is found that these grooves form not only the posterior 
borders of segments 3 and b but also mark the anterior limits 
respectively of the mid-brain and the hind-brain. While the conven- 
tional division of the encephalon into primary fore-brain, mid-brain 
and hind-brain has a historical value it is to be observed that an 
earUer segmentation is incorporated into this dirision as follows: In 
the fore-brain, three primaiy segments are included (Figs. 22 and 23 
i -3) ; in the mid-brain, two (4 and S) and in the hind-brain, six 
(fi— I/), or six and one-half if the portion of segment 12 that lies in 
front of the first somite is added to the latter. 

If we now direct our attenUoD to Fig. 24, which represents the 
encephalon of the same embryo after it has been divided and the 
inner surface of the left half exposed, we observe, 1) that along the 
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thickened dorsal crest the primaTj s^meota are very coDspicuous and 
correspond in number and position to the s^ments described on the 
extenuil sur&ce, 2) in the yentral and lateral grooves the dividing 
lines between segments 3 and 4, and segments b and 6, are trans- 
feree ridges (c' and e*), while fortber caudad the dividing lines are 
grooves. The transverse ridge e' thus marks the posterior border of 
the fore-brain, which, as stated above, includes segments 1 — 3; that 
portion between the ridges C and e* represents the mid-brain and in- 
cludes the primary s^^ents 4 and 5. It thus appears that the joiDts 
or segments on the inner surface of the neural groove correspond in 
number and position to those observed on the external surface. 

Fig. ^I represents the left half of tlie divided encephalon of an 
embryo with 3 somites 23 hours old, one hour younger than the 
embryo just described. The inner surface is exposed to view, showing 
eleven transverse grooves corresponding to those described in the 
other specimens, and agreeing in number and position to those oo the 
external surface. From a comparison of Fig. 21 and Fig. 24, it 
appears that the transverse ridges & and ef (Fig. 24), are preceded 
by transverse grooves. This is also true of the segmental ridges that 
are present on the inner sur&u» of the hind-brain of older embryos. 

I have traced these s^ments, by dissection through a close 
series of younger specimens to embryos with one somite (Plate 29, 
Fig. 16—20). The 11 constrictions are present on both inner and 
outer surfaces of the open neural groove, and are not only <»>ntinaous 
with each other, but appear to fall in the same transverse planes. 
It should be noted that these sediments are constant in number and 
nearly equal in size, and that they appear earlier in the ontogeny than 
the historic encephalic divisions, fore-brain, mid-brain and hind-brain. 
The latter are not strictly segmental divisions and are differently 
composed, the fore-brain having 3 segmentB, the mid-brain 2, and the 
hind-brain 6. 

b) Embryos with 6—7 Somites (Ages 25—26 hours). 

Figs. 25, 26 and 27 represent different views of the encephalon 
of an embryo with 6'/i somites, about 25'/, hoars old. In the 
dorsal view. Fig. 25, it will be seen that the neural groove has closed 
in the region of segments three to seven but still remains open both 
caudad and cephalad. In the dorsal and lateral views, 11 encephalic 
segments can be counted. At this stage the evagination of the lateral 
eyes is so advanced that in the dorsal view the three anterior seg- 
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mentf) can be detected only along the tJiick dorsal margin (Fig. 26 
1 — 3). In the ventral zone these three segments appear better defined 
(see Fig. 26 1—3). The remaining eight segments may be observed 
in either a dorsal or lateral view. The transverse grooves that mark 
their anterior and their posterior limits, pass around the neural axis, 
and in the posterior encephalic region where the neural tube is still 
open, they become directly continuous with segmental lines that are 
present on the inner surface of the encephalon, as will appear later 
from a study of the divided specimens. The developmental history 
shows that, after the neural groove has closed to form a tube, these 
identical posterior segments persist and can be recognized as neuro- 
meres of the medulla, so extensively described by other authors in all 
Vertebrate groups. 

In these figures the fore-, mid- and hind-brain divisions are better 
seen than in the earlier stages but it should be remembered that they 
are not simple but compound — as this shows clearly in a side view 
of the encephalon (Fig. 26). The fore-brain has three primary seg- 
ments {1—3); the mid-brain has two {3 — 4), and the hind-brain has 
six (£ — 11). Fig. 27 represents the encephalon just described after 
it has been divided and the inner surface of the left half exposed. 
There are, as in Fig. 24, eleven segments in the thickened dorsal 
margin (l—ll). Along this margin the dividing lines between these 
segments appear as transverse grooves, while in the lateral and ven- 
tral region they are continued as transverse ridges or crests. It should 
be remembered that all these ridges are preceded by transverse 
grooves. We can thus detect on the inner surface and along the 
dorsal margin the same number of primary segments as were ob- 
served on the external surface. 

We have here the first traces of the typical "neuromeres" de- 
scribed by Ohr, '87, as follows: '*£ach neuromere is separated from 
its neighbor by an external dorso-ventral constriction, and opposite 
this an internal sharp dorso-ventral ridge." In the description of 
sections of these segments it will appear that grooves are present at 
the apices of many of these ridges, and that the ridges are probably 
produced passively by an intrasegmental lateral expansion of the 
neural tube. 

The optic evagination bears such a close relation to the three 
anterior neural s^ments that this description would be incomplete 
without its developmental history. This evagination is present in 
embryos with open neural grooves. In the three figures just described 
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(Figa. 25 — 27), this evaginatioii is present in the dorsal region of the 
neural tube and involves the primary segments 1, 2 and 3. In the 
profile view (Fig. 26), the second segmental groove that forms the 
dividing Hoe between segments 2 and 3 is restricted to the base of 
the brain and to the ventral portion of the optic evaginatioo. The 
httter in this view appears partly divided. In Fig. 23 this groove 
completely divides the optic evagination; in embryos a little older 
(Fig. 26), ttie groove is shortened and affects only the base of the 
optic expansion, while in still older embryos (F^. 29, 31), this groove 
has entirely disappeared. 

In embryos with 5 to 7 somites and in favorable specimens, the 
dorsal portion of segments 4 — 7 shows a lateral expansion just below 
the neural ridge (Fig. 26). In the divided embryos of this age these 
expansions may be detected as faint depressions on the inner aspect 
of the neural tube (Figs. 24 and 27). Loot, '97, has described these 
stmctures as "accessory optic vesicles" and has observed them in 
favorable undissected embryos of this age and also in sections. The 
fact that these transient "vesicles" appear as a direct caadad con- 
tinuation of the optic expansion which itself is primarily divided (see 
Figs. 23 and 26), coupled with the well known &ct that the optic 
evagination extends at first along the whole length of the primary 
fore-brain and later retains a union with only the distal portion of 
this brain , are collectively suggestive of a segmental and multiple 
origin of the visual organ in the Vertebrate phylum. 

In Figs. 28 and 29, that represent two views of the encephalon 
of a dissected embryo with 7 somites, 26 hours old, the three anterior 
segments are about to fuse to form one large division, the primary 
fore-brain. The second transverse groove is confined exclusively to 
the base of the brain vrithout encroaching upon the ventral portion 
of the optic evagination as in Fig. 26. The "accessory optic vesicles" 
have disappeared. In the dorsal view three transverse segmental 
grooves (e, e and g) are relatively deep. 

The portion between the grooves (c) and (e) represents the mid- 
brain and includes segments 4 and 5. That portion between the 
grooves (e) and (g) includes segments 6 and 7. As will appear later, 
segment 6 develops into the cerebellum and 7 is the anterior seg- 
ment of the medulla. We have here a lateral neural expansion, 
analogous to that observed in the trout (page 17, Figs. 2, 3), which 
also involved segments 6 and 7, At tbis age therefore, the distal 
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portion of the encepbalon presents three large divisions or vesicles, 
which it must be remembered are not simple but compound, 

c) Embryos with 7—20 Somites (Ages 27-40 hours). 

After the complete closure of the neural groove in the cephalic 
region all evidence of metamerism in the primary fore-brain has dis- 
appeared, and the distal portion of the neural axis has thus the ap- 
pearance of a single simple vesicle. The optic evaginations are 
gradually being confined to the anterior portion of the encepbalon. 
In a dorsal view of an embryo with 11 somites 29 hours old (Fig. SO), 
the three large distal encephalic vesicles appear uns^mented but, in 
the profile view (Fig. 31) the same encepbalon shows, on its external 
surfitce, a transverse groove that divides the middle vesicle or mid- 
brain into two segments (segments 4 and 5), and alao a second groove 
that divides the vesicles caudad to this into two segments (segments 
6 and 7). Both of these grooves are restricted to the lateral and 
ventral portions of the encepbalon. As mentioned in the description 
of Figs. 28 and 29, segment number 6 represents the cerebellum and 
number 7 is the anterior segment of the medulla. The remaining 
segments of the medulla (9—11) have become very distinct and their 
dividing lines pass entirely around the neural axis. 

In embryos vritb 14 somites, 33 hours old (Figs. 32 and 33), the 
mid-brain is unsegmented. The groove that forms the dividing line 
between segments 6 and 7 (Fig. S'A), has almost disappeared. In later 
stages, however, this constriction becomes again distinct At this age 
a transverse constriction (r) is present in the dorsal region of the 
primary fore-brain, just dorsal to the optic vesicle. This is a per- 
manent constriction that ultimately divides the primary fore-brain 
into the prosencephalon and thalamencephalon. 

The five segments of the mednDa (J — il\ are more sharply 
defined than in younger spedmens. The auditory vesicle occupies an 
intersegmental position between segments 10 and 11 (Fig. 32 au.vs). 
Up to this time the s^ments of the hind-bnun have been equal in 
size and alike in form. As observed in Fig. 33, segment 9, which is 
connected with the 7th and 8th cranial nerves, has now become 
wedge-shaped with the apex turned dorsad and ever after this af- 
fords an anatomical land mark. The two adjacent segments are 
modified in a reciprocal manner. This condition prevails till the seg- 
ments ultimately disappear. 

Figs. 34 and 36 represent ventral and profile views of the en- 
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cephalon of an embryo vith 16 somites 33 hours old. The transverse 
groove that separates segment 6 from segment 7 bss become more 
distinct, otherwise the segmental characteristics are the same as those 
described in Figs. 32 and 33. 

In embryos with 20 somites three hours older a very marked 
change has occurred in the r^on of the hind-brain. In the dorsal 
view (Fig. 36) the s^^ents of the mednlla have expanded laterally, 
especially segment 8 which now represents the widest part of the 
hind-brain. The dorsal surface of this region is smooth and anseg- 
mented. Of the seven transverse segmental grooves that are now 
present, only two (e and e) completely encircle the brain. These, as 
observed before, mark the anterior and the posterior limits of the 
mid-brain. 

d) Embryos 40 to 100 hoars old. 

Figs. 37 and 38, Plate 3, represent two views of the encephalon 
of an embryo 43 hours old. The encephalon has partly turned upon 
its left side. The expanded condition of the medolla reveals the 
presence of a broad cavity, the 4th ventricle, tying beneath a thin 
unsegmented roof The six segments of the medulla present the same 
characteristics as previously described in Fig. 36. When the embryo 
has turned completely upon its left side (Fig. 39), the position of the 
4th ventricle with its thin unsegmented roof is more clearly defined. 
S^ment 6, the cerebellum , has broadened and from this time on 
continues to differentiate from the other five segments of the hind- 
brain. 

In embryos 50 hours old, the segmentation of the medulla is 
practically unchanged (Fig. 40). The cavity of the 4th ventricle has 
expanded laterally and its thin unsegmented roof has increased in 
extent A transverse dorsal groove (a) has appeared dividing the 
thalamencephalon into two nearly equal divisions, and at this age 
therefore ^ree distinct divisions can be recognized in the primary 
fore-brain, viz., a distal portion, the cerebrum and two proximal 
portions that represent the two divisions of the 'tween brain. 

The segmental condition just described remains practically un- 
changed in all essential features during the entire third day of in- 
cubation. Fig. 40 may therefore very well represent this period. 

During the last half of the fourth day of incubation the seg- 
mentation of the medulla very rapidly grows indistinct and ultimately 
disappears. Fig. 41 represents the encephalon of an embr70 80 hours 
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old. The segmental grooves of the medulla at this age termiDate 
dorsally in a longitudinal lateral ridge, along which the thin unseg- 
mented roof of the 4th ventricle it attached. The cerebellum (seg- 
ment 6), forms the anterior expanded wall of the 4th ventricle just 
as in trout embryos 30 days old. The thalamencepfaalon is divided 
into two portions b; a dorsal constriction (s) that made its appearance 
daring the third day of incubation. They very late appearauce 
of these divisions, and the &ct that they are produced by a dorsal 
constriction render it highly improbable that they have the same 
morphological value as the early encephalic segments. 

From this description it appears that the encephalic segments of 
the chick and the trout differ only in one detaO. In the trout the 
dividing lines between the segments fonn grooves on both the external 
and the internal surfaces. In the chick after the neural groove has 
closed to form a tube, the dividing lines on the inner surfaces of the 
medulla are represented by transverse ridges. It is to be remembered, 
however, that each ridge is preceded by a transverse groove, and that 
many of the ridges have at their apices traces of this groove, as the 
description of sections will show. 

Wttb this exception the conclusions reached from the study of 
the encephalic s^meats of the chick are identical with those reached 
from a study of the trout (see page 24). 

C. Study of Secttons, Chlcb and Tront. 

The value of making dissections even of the smallest embryos 
can scarcely be overestimated. The si^muntal furrows can be identi- 
fied with greater certainty on the dissected embryos than by means 
of sections. The surface observations, also, serve as a check upon 
the sections and vice versa. As my series of sections agree com* 
pletdy with the surface studies, the following description will be brief 
and limited to the most typical sections. 

Fig. 42, Plate 30, represents a parasagittal section through the 
cephalic region of a trout embryo 22 days old, and should be com- 
pared with the divided encephalon of the same age (Fig. II, Plate 1). 
Eleven encephalic segments are present (/ — it). These are not only 
separated from each other by dorsal and ventral constrictions but by 
the transverse narrow septa, which, as Obr has stated, may be nothing 
else than parts of cell walls '^which are made conspicuous by lying 
in a straight hne". The feature of chief interest is five segments in 
fore- and mid-brain, similar to those in tiie medulla. Modification of 
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the most anterior segiueut« have not progressed far enough to make 
tliem different in any marked way from tboee of the medulla. Seg- 
ment 1 is elliptical, and represents the anterior end of the neural 
axis. Segment 2 is wedge-shaped and has its broad end extended 
ventrallf to form the infondibalum (inf). The dividing lines between 
3, 4 and 5, could be detected ia this section in the ventral region 
and the series of sections confirm the description given of these seg* 
ments in sur&ce studies. The five segments of the medulla (7 — 21) 
and the cerebellum (segment 6), are well defined. Just ventrad to 
the latter is the deep dorsal groove (f) observed in both the divided 
and the dissected specimens. 

While the segments of the primary fore-brain and the mid-brain 
are detected with difficulty in sagittal sections, they are more clearly 
defined in horizontal sections. Fig. 43 represents a section nearly 
horizontal through this region , the section passing at an angle soeh 
as to intersect the right eye and a point just dorsal to the left eye. 
This sectiun is made from a trout embryo 26 days old and shonld 
be compared with the divided embryo of the same age (Fig. 13). Id 
this as in the sagittal section the evidence of the jointed character 
of the fore- and mid-brain is very clear. Since the section passes 
through the dorsal region segment 2 is very narrow and segment 3 
very broad. A section through the ventral region would just reverse 
this order, as these segments are reciprocally wedged-sbaped. It is 
observed that a secondary depression is present in segment 5 and 
also a median depression in segment 3. These depressions, if sections 
alone were studied, would lead to error in counting the number of 
encephalic segments, a mistake that is checked by the study of a 
series of divided embryos. 

Fig. 44 represents a horizontal section through the anterior por- 
tion of a chick embryo with four somites and with open neural groove. 
The encephalic mesoblast is very loose and presents no satisfiictory 
evidence of segmentation. There is an irregular grouping of its cells 
which makes loose clusters of cells that agree in number with the 
segments. The neural groove, however, is distincUy divided into seg- 
ments by a series of external and internal constrictions. These seg- 
ments, on the right and left sides, are direcUy opposite each other 
and furthermore each external constriction has a corresponding internal 
depression that lies in the same transverse plane. No "internal crests" 
or '^ridges" are present as described in older stages of the chick embryo. 

As soon as the neural groove closes, internal transverse crests 
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appear, as represented in Fig. 45. This figure ahows a horizontal 
sectiOD throt^b the left half of the oeural eegments, 6—9 of a chick 
embryo 42 hours old. At this age all the characteristics of a typical 
"neuromere" as described by Oek are present. 

1) "Each neuromere is separated from its neighbor by an external 
dorso-ventral constriction and opposite this an internal ^arp dorso- 
ventral ridge, — so that each neuromere (i. e. one lateral half of each) 
appears as a small arc of a circle. 

2) The elongated cells are placed radially to the inner curved 
sar&ce of the neuromere. 

3) The nuclei are generally nearer the outer surface and approa^ 
the inner surface only towards the apex of the ridge. 

4) On the line between the apex of the internal ridge and the 
pit of the external depression , the cells of adjoining neuromere are 
crowded together, though the cells of one neuromere do not extend 
into another neuromere. 

This definition of adjacent neuromeres presents in some sections 
the appearance of a septum extending from the pit of the external 
depression to the summit of the internal ridge" (Obr, '87, p. 3S5). 

Id addition to the above characteristics I find a transverse groove 
(ff and f. Fig. 45), at the ap«c of many of the internal ridges or 
crests. The internal transverse grooves described in embryos with 
open neural grooves have thus become elevated, in the medulla of the 
chick, and occupy a position at the apices of the internal transverse 
ridges. A discussion of this observation appears in another portion 
of this contribution (page 35). 

Fig, 46 represents a horizontal section of the medulla of a trout 
embryo 27 days old, a stage when the neural segments are highly 
developed. It will be observed that the dividing lines between seg- 
ments are represented by external and internal transverse grooves 
that lie in nearly the same transverse plane. The cells are elongated 
and arranged radially to the internal sor&ce. The nuclei are large 
and well supplied with chromatin. The septa that separate adjacent 
segments are usually very distinct and, as Oita has stated, may be 
nothing more than the walls of adjacent cells that are placed in 
straight lines. The histological condition of the neural s^ments of 
the chick embryo (Fig. 45) is identical with the description given above* 

In younger embryonic stages of the chick and the trout, the 
histology is very umple. The radial arrangement of cells is absent 
The nuclei do not recede intrasegmentally from the inner sur&ce of 
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the brain, but are very even); distributed. In these sti^s the onl; 
criteria, hj which I have counted neural segments, are external and 
corresponding internal trausverse conBtrictione or grooves. 

The segmental value of the cranial nerves, while important, has 
so frequently been shown to be deceptive and misleading (HcClore, 
'89 ; UiNOT, '92 ; Loot, "96, and Neal, '98), that it is unnecessary here 
to repeat this evidence. While recognizing that the deep origin of the 
cranial nerves is the important criterion, I vlsh here merely to locate 
their union with the brain in order to establish more accurately the 
identity of the individual neuromeres, as described here, with those 
of other observers. I have found the same nerve connection in the 
trout as in the chick. The following description therefore, applies to 
either type. 

The olfactory and optic nerves are connected respectively with 
the first and second segments. From the ventral region of the mid- 
brain and the posterior portion of segment 4 the fibres of the oculo- 
motor nerves (Fig. 21) pass ventrally and laterally, close to the dliary 
ganglion and innervate the fundament of the muscles of the eye. 

The fourth pair of nerves are connected with the dorsal and 
posterior r^on of the mid-brain or segment 5. 

Laterally and in the dorsal portion of segment 6, the fibres of 
the anterior root of the Trigeminus emerge and pass to the Gasserian 
ganglion (Fig. 48 ant. rt. V). 

From segment 7 the main fibres of the trigeminal nerve pass 
cei^alad to the Oasserian ganglion (Fig. 49 and 50). 

Segment 8 has no nerve connection. 

Segment 9 gives rise to the fibres of the seventh and eighth ptur 
of nerves (Fig. 49 and 60 VII and VlII). 

Segment 11 is connected with the fibres of the ninth pair of 
cranial nerves (Fig. 50). 

I also confirm the observation of Miss Pu.tt, Hoffmank and 
LocT that the origin of cranial nerves is from the external depres- 
sions, between adjacent segments. 

in. 0«neral Consideratio&B. 
Identlflcatloiis of Neural Segments. 

In discussing metamerism of the head it should be borne in mind 
that the neural segmentation is merely an expression of the general 
segmentation of the body. This primary divisioD into joints is not 
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confined to the nearal axis, but as Loct pointed out, it involves the 
rest of the germ layers, and the question of primary segments is thus 
wider than that of metamerism of the head. It is a general embryonic 
segmentation, most readily seen in the neural axis vhich is the seat 
of moat active growth in these early stages. 

In desmbing neural segments there has been more or less con- 
fusion and for purposes of clearness it becomes necessary to inquire 
into the means of identifying s^^ents. In the preceding pages the 
term "neural segment" has been used because it is purely deBcriptive 
and does not imply any morphological interpretation. It simply 
recognizes the &ct that the neural axis is divided into a series of 
joints or segments. 

As boundaries of encephalic segments in trout and chick embryos, 
I have used external and corresponding internal transverse con- 
strictions or grooves. These constrictions are nniform in nomber and 
position in early embryonic stages, and divide the encephalon of the 
neural axis into what I believe to be morphologically identical seg- 
ments or joints. In the early stages these grooves encircle the en- 
cephalon but in later stages the primary segmentation is confined only 
to its base and lateral walls, owing to the neural expansion and the 
appearance in the dorsal region of a thin roof. It should be remem- 
bered 1) that in the position occupied by the 3rd, 5th and 6th seg- 
mental grooves, deep external constrictions appear that form the 
posterior limits respectively of the fore-brain, mid-brain and cerebellum, 
and 2) that all the primitive grooves vanish during embryonic growth, 
those of the fore-brain first and those of the mid-brain second and 
lastly those of the hind-brain. In the chick when the neural folds 
close to form the neural tube, the walls of the latter expand, not 
aniformly, but intrase^entally , and the position of the internal 
grooves is thus passively elevated upon crests (see Fig. 45 tf, f). 

Much importance has been attached to the definition given by 
Okb of a typical neuromere (McClube, Waters, Neal and others). 
It will be of advantage to make a few observations upon the morpho- 
logical value of the factors used in this definition. I have observed 
all five characteristics considered by Obb as fundamental. Bearding 
the Ist, viz., that "each neuromere is separated from its neighbor by 
an external dorso-ventral constriction and opposite this an internal 
sharp dorso-ventral ridge", it should be remembered that the "dorso- 
ventral ridge" is absent in Teleoato, and in the chick it has at its 
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apex a groove which arises oatogeDetically before the ridge. It seems 
to me therefore that the ridge is a secondary modification. 2) The 
radial arrangement of cells mentioned by Oer is present only daring 
the stages of intrasegmental expansion of the neural walls to which 
may be attributed the radial cytol<^cal condition. At least prior to 
the expansion a radial arrangememt is absent 3) That the naclei 
should be "nearer the onter surface and approach the inner surface 
only toward the apex of the ridge" is a condition that would, it seems 
to me, also very naturally follow a neural intrasegmental expansion. 
This nuclear arrangement is present only in late segmental stages. 
While in later stages I find the three chiuitcteristics jnat mentioned, 
there are present in early embryonic stages only the two following 
criteria given by Obb, viz., 4) "The constrictions are exactly opposite 
on each side of the brain" to which I would add : and in the same 
transverse plane as the internal grooves with which they are continuous, 
and 6) "On the line between the apes of the internal ridge and the 
pit of the external depression the cells of the adjoining neuromeres 
are crowded together though the cells of one neuromere do not extend 
into another neuromere". To cover the case in Teleosts where the 
rudimentary ridge is absent it would be necessary to modify the 
statement as follows: The cells of the ai^oining neuromeres are usually 
crowded together though the cells of one neuromere at no time ex- 
tend into another neuromere. To this should also be added Orr'b 
statement that "adjacent neuromeres present in some sections the 
appearance of a septum extending from the pit of the external 
depression to the summit of the internal ridge". 

Nenrti Segments In Teleosts. 

It is a pertinent question how for the description of the neural 
segments in Teleosts, as presented in this contribution, confirms the 
observations of other authors and what new facts have been considered. 
To answer it attention must be directed to the literature. The first 
recorded observation upon neural segments in Teleosts, known to me, 
is by DoHRiT in his Ursprung der Wirbelthiere und das Princip des 
Functionswechsels, 1875, where be says (quoted from Hoffuanh, Id: 
Beonn, Class. Ord. Thierreich, V. 6, Abtheil. 3, p. 1967): "If one ob- 
serves the first stages of the embryonic formation of a Vertebrate, 
for instance, a bony fish, one can scarcely escape the idea that this 
is an 'animal made up of a lai^e number of se^meDts. The ao-called 
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primitive vertebree appear [as so many segments or metameres and 
one sees plainly from 8 to 9 segments in the regiOD of the fourth 
Tentricle of the neural tube." (Author's translation.) 

EuFFFER, '86, in a brief paper (p. 469—476) reports finding five 
segments in the hind-brain and three in the mid-brain of the trout. 
As to the mid-brain and segmental criteria, he says : "Sagittal sections 
through each embryo show three pair of segments in the vicinity of 
the mid-brain that resemble those of the medulla obloDgata, that is, 
they are little swellings upon the floor and the sides of the medulla, 
separated from one another by transverse grooves." (Author's trans- 
lation.) 

Reiqhisd, '90, figures and describes six segments in the hind- 
brain of Stitostedion vitrettm that iu every vay are identical with the 
segments of this region in the trout. 

In my paper on The Development of the Epiphysis in Coregonus 
albus (Biuj, '91), I figure and briefly describe eleven segments in the 
encephalon of the white fish embryo 7 mm long, 60 days old. Five 
of these are located in the primary fore- and mid-brsins. 

The only paper dealing espedally with Qas subject is that of 
Watebs, *92, who finds 11 s^iments in the encephalon of the cod. 
He assigns a segmental value to the olfactory nerves and says: "The 
region of the brain-wall giving rise to them shows markedly the 
characteristics of a true nenromere as defined by Orb and is, I think, 
the first or ol&ctory neuromere" (in: Quart. Jour. micr. Soc., V. 3, 
p. 463). Regarding the encephalon just back of this ol&ctory neuro- 
mere he writes: '*WhUe none of my cod sections give any rehable 
evidence of a nearomere at this point I will show that in Amblystoma 
there is certainly a second neuromere and that the optic diverticula 
hold a curiously significant and close relation to it" (p. 464). His 
direct evidence of a third neuromere in the primary fore-brain of the 
cod is equally incomplete as the following quotation shows: "The 
distance from the posterior commissure to the termination of the 
second neuromere is about one-third the entire length from before 
backward to this point." . . . "From the fact that there is just sufficient 
room at this point for another neuromere and that in Aaib^atoma I 
have been able more satisfactorily to prove its existence, I have called 
this the third neuromere, thus making the fore-brain contain three 
neuromeres" (p. 464). 

In the region of the mid-brain Watebs finds "two well marked 
convolutions of the brain wall. These constrictions are slightly smaller 
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thvi Uwse of the fore-brain and ratber more Bemicircnlar in shape" 
(p. 465). He also finds that the "radial arrangement of cells is 
present". There can be but little doubt that the two segments de- 
scribed by Waters in the mid-brain of the cod are identical vith the 
two mid-brain segments of the trout as described in this contribution. 
From a stud; of the figures b; Watebs, I am inclined to believe the 
author considered the internal transrerse encephalic grooves as intra- 
segmental in position when according to my interpretation tliey are 
intersegmental and occupy the same morphological position as the 
transverse internal crests of the chick encephalon (see page 26). So 
&r as number of encephalic segments are concerned and their distri- 
bution, my observations on the trout agree with WatebS. 

While my description agrees with Watebs as to number of seg- 
ments, they serve to point out certain discrepancies. His identification 
of neuromerea in the fore-brain is vague and his enumeration is based 
on analogy and largely on inference. The descriptions of neural s%- 
ments in Teleosts in front of the medulla, as given in this paper are, 
I believe, the only ones based entirely on direct observation of the 
s^cmental structures themselves. 

The condition of the neural axis in front of the cerebellum is 
especially well shown in the earliest stages and the existence of five 
segments in fore- and mid-brains is made evident This is the first 
satisfactory evidence of this condition that we have in the Teleosts, 
LocT has shown the same in Elasmobranchs (Acan^ias) and the chick. 
At least, this region very early shows joints like those in the medulla. 
They are formed in the same way, resemble them in all essential 
particulars. It seems to me to be struning the point to deny that 
these are segments when s^mental value is assigned to the homo- 
logous segments iu the medullary region. 

Incidentally these observations show something about the probable 
morphological front of the brain. Hesbice, '91, writes: "The morpho- 
logical front of the brain cannot be beyond the infundibulum" (in: 
Joum. comp. Neurol., p. 168). His, '93, believes the cephalad extremity 
of the neural tube in chick embryos is turned ventro-caudad and the 
morphological front of the neural axis therefore is in the vicinity of 
the recessus infundibuli, while Kupffeb sums up the evidence as 
follows; "Is the neural tube open anteriorly then the neural axis 
terminates in this openingj is the end of the tube bent, then the 
neural axis follows this curve. I consider therefore, that the en- 
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cephalic azig termiDateB in the neuropore" (in : Verb. anat. Ges., 1893, 
p. 101). (Author's tranBlation.) 

As shown above (Figs. 10-15) in Salmo the infundibolam is a 
ventro-caudad expansion of the second cephalic segment. The recessus 
infandibuli is an expansion of the neural cavity of this segment. The 
morphological front of the brain lies cephalad to this expansiOD and 
is represented by segment 1. To this segment the fibres of the ol- 
factory nerves pass and the evidence would seem to be clear that the 
latter constitutes the first pair of cranial nerves (contra Van Wijhb). 
The optic nerves on the other hand are connected with segment 2 
(see pages 17 and 21, Figs. 3 and 10), and thus becomes the second 
pair of cranial nerves. 

In the chick the primary neural segmentation in the fore-brain 
has disappeared when the optic nerves are produced and the iafundi- 
balum evaginated. The chick therefore is a less iavorable type than 
the trout is which to stndy this relation. 

Nennl S^ments In the Chlek. 

It is a noteworthy foct that no recent conflicting observations 
are recorded regarding the segments of the medulla of the embryonic 
chick. B^RAHBCK, '87, Platt, *89, McCldbr, '90, Zihhesuann, '91, 
LocT, '95, aU affirm that caudad to the cerebellum there are five 
encephalic segments present in all chick embryos during the third 
day of incubation. It is the r^on in front of the cerebellum that 
eonsUtntes the disputed territory. Miss Platt, '89, considers that 
region made up of but one segment, the primary fore-brain and mid- 
brain. The cerebellum constitutes the second s^ment, making a total 
of seven encephalomeres of equal morphological value in front of the 
first protovertebra. She offers as evidence in support of this con- 
clusion the presence of external transverse encephalic constrictions 
and corresponding internal folds. 

McClube, '90, uses histological conditions as well as external 
neural constrictions as criteria for encephalic segments. In this way 
he finds at least two segments in the primary fore-brain and two in 
the mid-brain of chicks in the third and fourth days of incubation. 
The cerebellam constitutes his fifth nearomere which witb the five of 
the medulla make a total of at least ten encephalic joints or segments. 
I have studied McClube's figures and reviewed his contribution with 
much care. If I understand him correctly bis neuromeres I and U 
are restricted to the thalamencephalon. He does not mention the 



ov Google 



- 40 - 

prosencephaloQ cepfaaUd to his nearomere I, from which I infer he 
does not include this portion in the true segmental region. 

If my interpretation of McClubb's position is correct, it seems 
to me he has described the conditions that are represented in my 
Figs. 40 and 41. At this stage the thalamencephalon is clearly divided 
into two segments by the presence of a dorso-lateral invaginatioD (s) 
in which the fibres of the posterior commissure develop. The fact 
that this invagination begins as a dorsal constriction, and that its 
appearance is ontogenetically late, after much specialization has oc- 
curred and long after the other segmental constrictions have appeared, 
is strong evidence that this invagination has a very different morpho- 
logical value than the constrictions of true encephalic segments. 

Bearding the presence of two neuromeres in the mid-brain of 
chick embryos during the third day of incubation, McCldbb admits 
that the evidence is very problematic. The mtd-brain, he says (p. 48), 
"has the appearance of being an enlarged nearomere". . . . ''Its cdl 
stnictnre is radial but its nuclear arrangement does not conform to 
a typical neuromere except that at its anterior and posterior limits 
the cells are crowded together and do not enter the adjoining stmcture." 
In conclusion he writes (p. 49) : "Taking into consideration the size 
of the mid-brain neuromere in comparison with the remaining neoro- 
meres of the brain as well as its neuromeric characteristics, also 
tbe fact that two nerves arise from it which are probably either two 
segental nerves or parts of the same, also the investigations of Kdpffbb, 
previously mentioned, in which he states that be found at least eight 
segments in the hind- and mid-brains of the Trout and Salamander, 
there can be little doubt left but that the mid-brain originally consisted 
of at least two neuromeres and that in all probability tbe III and IV 
nerves were segmental nerves of these neuromeres respectively." 

I have studied the mid-brain of chick embryos with much care 
by the method of sections and dissection. In embryos thirty boors 
and older I find no evidence of segmental division excepting tbe 
presence of the oculomotor and trochlear nerves whose fibres connect 
with the mid-brain. In young embryos, however, transverse grooves 
divide the mid-brain into two segments which, according to the 
descriptive portion of this contribution, constitute encephalic s^ments 
4 and 5 (Figs. 25—30). 

Hoarding the 13 encepbalomeres that Ziuheruann, '91, affirms 
of embryos of all higher Vertebrates, I have but little to say, as the 
author in his brief paper does not state the criteria used in deter- 
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mining tbis number. From the fact that he thinks, for some reasons, 
segmentatioD is retarded cepbalad to the cerebellum, it seems probable 
that he has also, as McClube, observed the late secondary division 
that appears in the primary fore-brain, as represented in Figs. 40 and 41. 

LocT, '95, from a surface study of undissected chick embryos 
has observed 11'/, segments in the dorsal r^on of the neural groove 
cepbalad to the first formed somites. My description of the neural 
axis of the dissected embryonic chick as embodied in this paper, is a 
verification of these observations. I am also indebted to Dr. Locr 
for placing at my disposal an unpublished manuscript with figures, 
prepared some years ago by Mr. F. A. Eatner, one of his students, 
who for more than a year made a close study of the early neural 
segmentation in the embryonic chick finding at the close of the first 
day of incubation ll'/i neural segments in front of the first formed 
protovertebra. 

According to my obsanrations tiiere is complete agreement as to 
the number and position of the neural segments in front of the cere- 
bellum in the trout and the chick. The fore-brain has three and the 
mid-brain has two. These segments do not differ in the earliest stages 
in any essential features from those of the medulla. They are present 
in the same early embryonic stages as those of the medulla but owing 
to the rapid changes that take place io the anterior cephalic region 
tbey disappear very early, those of the fore-brain first and those of 
the mid-br&in second. They antedate the historic divisions, fore- and 
mid-brains, and precede even the optic evaginations. In short they 
represent a phylogenetic condition older than the organs, possibly 
even older than tbe phylogeny of the neural axis. 

Talne of Tarlons Segmental Ciiteriiu 

a) Mesomeres. My observations were naturally directed to 
the joints of the neural axis because, in the head r^on, tbey afford 
the moat evident traces of joints or segments to be founds but, the 
mesoblast of the bead region was also subjected to close scrutiny. It 
was hoped that at least some trace of the head cavities that are 
present in the cephalic mesoderm of the shark, would be found in the 
TeleoBt embryo. The study of numerous sections of both chick and 
trout embryos has given no positive evidence of the presence of such 
cavities. The loose and somewhat scattered mesoderm occasionally 
presents a grouping of cells that might be interpreted of segmental 
significance but otherwise this tissue remains unbroken. 
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The study of ceplialic mesomerea lias led to greater divergence 
of opinions and more conflicting views than is generally supposed. 
In Elasmobraochs, the only group in which their developtDental histoiy 
has been traced, there is no consensus of opinion as to their origin, 
nnmber, and morphological values. Van Wuhe, Dohbh, Eillian, Miss 
Flatt, hold that they are all fundamental segmental divisions of tiie 
coelomic cavity. GEOENBAmt, Sedqwick, Rabl, Sbwertzofp maintain 
that some of them probably represent gill clefts and other diviaionG 
of the coelomic cavity. In the ElasmobraDcfas, in the pre-otic region, 
from 3 to 14 segments are recorded (Rabl, '92, and Dohkh, '90). 
Moreover, some observers conclude that certain cephalic mesomeree 
have disappeared in phylogenetic history (Sedgwick), while others 
claim a fusion of segments has taken place, and still others maintain 
that primary segments have subdivided and in this way have pro- 
duced a larger number of "head-cavities" than were originally present 
in the ancestral Vertebrates. 

In sequence of time they are said to develop from before, back- 
wards. Gegenbadb, '87, Insists that we should carefully observe a 
distinction between palingenetlc (primary) and coenogenetic (secondary) 
somites. This is philosophical and supported by fact of developm^t. 
It has been generally adopted (Kastschenko, '88, Seweetzopp, '95, 
HoFFHAKN, "OT). The segmental divisions of the mesoblast has been 
shown to begin in the region of the auditory vesicle and develop 
backwards. This gives as the post-otic or palingenetic segments. The 
mesoblast in front of the auditory capsule is afterwards divided into 
segments designated as pre-otic or ccenogenetic. 

The ccenogenetic segments are found to differ in form, size, histo- 
Ic^cal conditions as well as time of development Some of these 
segments are solid, while most of them show a cavity. They may be 
partially or completely separated from the adjacent ones, united or 
separated ventrally, and also occupy a lateral or a ventral position 
with reference to the neural axis. 

Since the study of their developmental history, in the Elasmo- 
branchs, has led to such a variety of views, their morphological inter- 
pretations vary in like degree and this weakens their value as seg- 
mental criteria. Some authors assign to all cephalic mesomeres a 
fundamental segmental value. Some hold the post-otic only have this 
value, while the pre-otic are interpreted as mechanical structures or 
evf^stions correlated with the gill clefts. 

The recorded observations on the cephalic mesomeres in other 
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Vertebrates, are so limited tiiat ve have little knovledge regardiag 
their presence or possible conditioos. The controversies, therefore, 
are almost exclofllTely confined to the observations that have berai 
recorded npon the mesomeres of Elasmobranch embryos. 

While it must be admitted that the cephalic mesoderm may carry 
the evidence of a primitive metamerism, it seems to me diat all the 
observations go to shovr that there is too little oniformi^ about the 
divisions of this tissne to make it a &Torab]e stnicture for deter- 
mining the number and relationship of cephalic segments, 

b) Branchiomeres. The weakness of brancliiomeres as clues 
to the original segmentation of the head has been veil stated by 
MiNOT, '92 : "Tbe relation of the nerves to the segments (myotomes 
and neoromeres) are primitive; the relations to the branchial arches 
and gill-clefts are secondary. Indeed ve must assume that the Verte- 
brates had s^^ental ancestors, vbo acquired giil-clefta, segments 
being phylogenetically much older than gill-clefts. The ancestral 
□erres were adapted to gill-clefts and we may some day know the 
bistory of that adaptation and the modifications conseqaent upon it. 
At present we can only say that, contrary to the assumption wliidi 
has prevailed for twenty years, the gill-clefts are not segmental and 
therefore the branchial nerves are not in s^n^eutal order." (Human 
Embryolf^, p. 636.) 

c) Neural Segments. The case seems to stand somewhat 
better for the neural segments. Those of the medulla are accepted 
by most morphologists as representiiig true joints or segments. It is 
those of the fore- and mid-brain regions whose presence and segmental 
value is questioned. The identity of those of the medulla and their 
relation to nerves is well established in all the Vertebrate groups 
from fishes to mammals. Unfortanately, bat few observers have at- 
tempted to trace their complete history. The observations have been 
confined almost exclusively to late stages and the neural segments, 
therefore, have come to be looked upon as structures that follow 
rather than precede the s^mental divisions of the mesoblast Imct 
was the first to observe the early stages of the neural segments. He 
found that they could be traced back to stages that antedate the 
formation of mesomeres. The significant fact is that Locr traced them, 
as his sketches show, from their earliest appearance tiirongh the 
stages with an open, a closing, and a closed neural groove, and 
identified those of the medulla vrith the neoromeres of other authors. 

Nbal, '98, found s^;mental divisions in early stages of sharks 
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&s described by Loot, but denies their s^smental importance. He was 
unable to find them in stages immediately preceding closore of the neural 
groove, and bases a conclusion on this negative evidence, together with 
their irregularity, that the early segments have no connection with those 
of later stages. The evidence in Teleosts and chicks is very clear as to 
their unbroken continuity, and I know also from my own observation 
that corresponding segments are present in Aeanthiaa where Neal faOed 
to find them. The view first advanced by Locr that these early 
segments are the same as the neuromeres observed in the medulla 
from 1828 onwards, receives support from the work recorded above. 
And it also streugUiens the conteation that in the early stages 
a jointed condition is present in the anterior portion of the neural 
axis that agrees in all essential features with that observed at the 
same time in the region of the medulla. 

The anterior s^ments precede the large divisions known as fore*, 
mid- and hind-brains. The failure to recognize this fact has led to 
confusion and conflicting reports as to the segments in front of the 
cerebellum, notably these larger divisions have, bom time to 
time, been made homologous with the segmental divisions of the 
medulla. The fact that these larger divisions later subdivide, before 
the segments of the medulla have disappeared, has led to the er- 
roneous view that the fore- and mid-brains are morphologically equi- 
valent lo the segments of the medulla (N&al and Uiss Platt). 

As appears above (page 29, Figs. 32—40 r) the primary fore- 
brain, in chick embryos in later stages, is divided into prosencephalon 
and thalamencephalon by a dorsal constriction that is very different 
from the transverse grooves that separate adjacent segm^ts in the 
medulla. In still older stages another transverse dorsal constriction 
(s) appears which divides the thalamencepbalon. To these divisions 
Watebs and Zib<uebiiahn appear to have assigned the same seg- 
mental value as to the segments of the medulla. It seems to me this 
is clearly an error as is shown not only by the late appearance of 
these anterior divisions, but, also, by the developmental history of the 
dorsal grooves that produce these divisions (see page 29—30). Her- 
RICK very appropriately writes: "It is scarcely legitimate to count 
dorsal diverticles like those of the fore-brain with ventral expansions 
like those of the mid-brain. Watbbs and others seem to have made 
this mistake" (in: Joum. comp. Keurol., 1892, p. 168). 

Since the head is a segmental stnicture, how may the history 
of its segments be read? The mt^oblastic divisions (head cavities) have 
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been found only in a few Vertebrates (Elasmobranchs, Amphibia and 
Reptiles), and in Elasmobranchs, the only group in which their develop- 
mental history has been described, the authors who have given the 
subject the most critical study report conflicting and contradictory 
views. On the otber hand, neural segments of acknowledged morpho- 
logical value have been observed in the medulla by many authors in all 
the vertebrate groups. These segments can be traced to very early stages 
before the fore-, mid- and iiind-brains have appeared, or mesomeres 
have developed. In these early stages the neural segments are 
constant in number and identical in form, but owing to the rapid 
changes that take place in the anterior portion of the neural axis, 
the anterior encephalic s^ments disappear before those of the medulla. 



Stunmary. 

In Teleoat an chick embryos the encephalic portion of the neural 
axis is divided into similar joints or s^ments which in early stages 
are present in the region of fore- and mid-brain — secondary modi- 
fication in the anterior ^cephalic region of the chick soon obliterates 
all traces of primitiTe segments, bat the original joints persist for 
some time in the medulla which is less modified. In the Teleosts 
the segments in front of the medulla are less transient than those of 
the chick. 

In the medulla the original joints persist for some time. Secon- 
dary expansions of the mid-brain and fore-brain, arising after the 
primary joints of this region fode away, have been mistaken for 
primary segmental divisions, and made co-ordinate with the persisting 
primary segments of he medalla which are in realty identical with 
the first formed segments in the anterior brain region. 

The three anterior segments represent the region of the fore- 
brain, the next two the region of the mid-brain. These five segments 
difier in no wsential feature from the segments of the medulla. 

The sixth segment forms the cerebellum, and the seventh to 
eleventh, inclusive, represent the medulla, making a total of eleven 
encephalic segments. These segments are constantly and normally 
present in the early stages of aU the embryos examined. 
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Expluutloii of Plates. 

Plate 28—30. 



List of Rsferenoe Harks. 

1, 3, 3, 4 etc. inetamsrio segments 

a, b, e, d etc. external groovee that form dividing lines 
between segments 

a', b't C, d' etc. ioteiiial dividing lines between seg- 
ments 

III, IV, V etc cranial nerves 

optn optic nerves 

olf.pi olfactory pit 

au,va anditory vesicle 

s', 8" eto. somites 

mf inftudibnliun 

no.eo notoohord 

ga8.ga Gasserian gaogUon 

dLga ciliary ganglion 

pO.com posterior commissure 

r dorsal groove that divides the primary fore-brun 
into prosencephalon and thalamenoephalon 

a dorsal groove that divides the thalamencephalon into 
an anterior and a posterior division 

e right epiphysial vesicle 

e' left epiphysial veside. 

Plate 28. 

All figures are of SaUmo pttrpurattts (Pallas) except Fig. 9, which 
represents SaXmo fario (Urroa.). All are X ^ diametera. 

Fig 1. EncephaloD of a dissected embryo with 29 somites, 19 days 
old. Right snr&oe view. Segments 1, 2 and 3 represent the fora-brain, 
and 4 and 5 the mid-brain. The Anlage of the oerebellnm is repre- 
sented by segment 6. 

Fig. 2. Dorsal view of the same encephalon that is represented 
in Fig. 1. The five segments of the fore- and mid-brain show in this 
view. 
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Fig. 3. Enoephalon of a dissected embryo witli SI Bomites, 22 
days old. Left surface view. The deep groove f forms the anterior 
limit of the medolla. The groove e marks the anterior limit of the 
mid-brain. The three segments in tront of this are very distinct, and 
eonstitnte the fore-brain. The optic nerve {opi) ia attached to the 
ventral portion of segment 2. 

Fig. 4. Anterior portion of a living embryo with 3S somites, 
22 days old. Left profile viev. Segment 6, the cerebellom, and seg- 
ment 5, the anterior segment of the mid-brain, show very distinctly. 

Fig. 5. ActerioT portion of a living embryo with 36 somites, 
28 days old. Dorsal view. This figure is sketched from two points 
of view as indicated by the •-* in Fig. 6. The eleven encephalic segments 
{1 — IT) are separated by transverse grooves that show very distinctly. 

Fig. 6. Left profile view of the same embryo that is represented 
in Fig. 6. The dorsal groove (f) has become very distinct. This 
groove marks the anterior limit of the medalla. 

Fig. 7. Anterior portion of a living embryo with 40 somites, 
26 days old. Dorsal view, sketched from one point of view. Since the 
embiyos corve ventrally to conform to the spheroid yolk the medulla, 
in this figure, appears fore-shortened. The three segments (t, 2, 3) of 
the fore- brain are very marked on the inner enoephalic suriaoe. On 
this surface the limits of the two segments that form the mid-brain 
(segments 4 and 5) are also distinct 

Fig. 8. Encepbalon of a dissected embryo with 42 somites, 27 days 
old. Left surface view. The groove e marks the anterior limit of Uie 
mid-brain. The external sar&oe appears nnsegmented. The three seg- 
ments of the fore-brain (segs. 1, 2 and 3) can still be counted. Segment 
2 has become more wedge-shaped as compared with younger stagee. 

Fig. 9. Sakno fario. Anterior portion of a living embryo with 
56 somites, 38 days old. Bight profile view. The five segments of 
the fore- and mid-brains (segs. 1 — 5) show on the inner surface of the 
brain through the transparent brain wall. 

Fig. 10. Right half of the anterior portion of a divided embryo 
with 31 somites, 20 days old. The internal surface of the encephalon 
is exposed to view. The groove e marks the anterior limit of the mid- 
brain. The three segments of the fore-brain (segs. 1, 2 and 3) affect 
the ventral as well as the dorsal zone. The optic stalk (op.a) is con. 
nected with segment 2. Compare this figure with Fig. 1, external sur- 
face of an encephalon one day younger. 

Fig. 11. Sight half of the anterior portion of a divided embryo 
with 33 somites, 22 days old. Internal surface of eacephalon exposed 
to view. The groove f marks the anterior limit of the medulla. All 
six segments in front of this groove can be couuted. Segment 2 
expands to form the infnndibutom. 

Fig. 12. Left half of the anterior portion of a divided embryo 
with 37 somites, 24 days old. Internal surface of encephalon exposed 
to view. Compare this figure with Fig. 8, that shows the external 
surface of an encephalon 2 days older. 
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Fig. 18. Bight half of the ulterior portion of a divided embiyo 
with 39 Bomitea, 26 days old. Internal aBCfiphalon siirfaoe exposed. 
Compara this figorewith Fig. 8, vhich shows the external surfaoe of an 
encephalon of the same age. 

Fig. 14- Left half of the anterior portion of a divided embryo 
with 44 somites, 28 days old. Internal view of encephalon. 

Fig. 15. Left half of the anterior portion of a divided embryo 
with 54 somites, 86 days old. Internal encephalic surface exposed to 
view. Segments of the medulla (7 — It) have passed ventrad. The 
posterior cammisBore has appeared at e. The transverse groove that 
formed the dividing line between segments 3 and 4 has disappeared. 
Secondary folds have formed in the lateral walls of the infondibnlnm. 

Plate 29. 

All figures are of the chick embryo. Figures 16 — 19 are X 27 
diameters; the remaining figures (20 — 33) are X ^^ diameters. 

Fig. 16. Dorsal view of an embryo with 1 somite, 21 hours old. 
The neural segments can be traced not only across the wide neural 
groove, but some distance laterally into the adjacent tissne. 

Fig. 17. Dorsal view of an embryo with 2 somites, 22 hours hold. 
The nenral groove is better defined than in the preceding figure. 

Fig. 18. Dorsal view of an embryo with 3 somites, 23 hours old. 
The segments are very pronounced along the neural crests, bat can be 
traced across the base of the nenral groove. 

Fig. 19. Boreal view of an embryo with 4 somites, 23>/, hours 
old. The nenral groove is about to close. Along the margins of this 
groove the segments appear more distinctly than they do in younger 
forms. 

Fig. 20. Anterior portion of the neural groove of the same em- 
bryo as represented by Fig. 19. Right profile view. The optic eva- 
gination covers the first three segments. Transverae external and in- 
ternal grooves form the dividing lines between adjacent segments. 

Fig. 21. Left half of the anterior portion of the divided neural 
groove of an embryo with 3 somites, 23 hours old. Internal surface 
exposed to view. This surface is distinctly divided into joints by 
transverse depressions or conatrictions that pass across the divided 
neural axis. 

Fig. 22. Anterior portion of the nenral tube of an embryo with 
51/j somites, 24 hours old. Dorsal view, a, h, e etc mark the seg- 
mental grooves, and 1, 2, 3 etc, the neural segments. The optic eva- 
ginations distinctly cover the three anterior segments. 

Fig. 23. Eight surface view of the same encephalon as represent- 
ed by Fig. 22. The segments are found to encircle the neural axis. 
The third segmental groove divides the optic evagination. 

Fig. 24. Left half of the same neural tube represented by Figs. 22 
and 28. Internal surface exposed to view. The segmentation is es- 
pecially distinct along the thick dorsal margin. Two transverse ridges 
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(e*, e") liave appeared on this snr&ce. They mark the posterior limits, 
respeotively of fore- an mid-brains. The dorsal margins give evidenoe 
of three segments in the former (I, 2, 3) and two segments in the 
latter (4, 5). 

F^. 26. Encephalon of an embryo with 6 somites, 25*/} honrs 
old. Dorsal viev. The neoral groove is closing, e and e mark the 
posterior limit of for&- and mid-brains. As in Fig. 24, three segments 
can be counted in the former (/, 2, 3) and tvo in the latter (4, 5). 

Fig. 26. Bight surface view of the same encephalon as represented 
by Fig. 25. The second encephalic groove affects the base of the optic 
evagination. The latter appears divided. 

Fig. 27. Left half of the same encephalon represented by Figs. 25 
end 26. Litemal snrfatie exposed to view. Internal segmental lines 
appear as transverse ridges (e", e', g" etc.). 1 1 encephalic segments are 
distinctly present along the thick dorsal margin (i — It). 

Fig. 28. Encephalon of an embryo with 7 somites, 26 hours old. 
Dorsal view. The three anterior segments can be detected along the 
dorsal margin. Laterally the optic expansions have obliterated these 
segments. 

Fig. 29. Bight surface view of the same encephalon as repre- 
sented by Fig. 28. In this position all of the neural segments oan be 
seen (1 — 11). The component segments of the fore-brain (1, 2, 3) and 
of the mid-brain {4, 5) are well defined. 

Fig. 30. Encephalon of an embryo with il somites, 29 hoars old. 
Dorsal view. The three anterior segments have disappeared, c re- 
presents the posterior limit of the fore- brain. It wUl be obswved that' 
the optic expansion is now confined to the distal portion of this brain 

Fig. 81. Bight surface view of the same encephalon as represented 
in Fig. 30. The dividing groove between the two segments of the 
mid-brain (4, S) is about to disappear. 

Fig. 32. Encephalon of an embryo with 14 somites, 83 hours old. 
Dorsal view. The mid-brain now appears unsegme&ted. Optic evagin- 
ations are now connected with the anterior portion of the fore-brain. 
The dividing line between segments 6 and 7 cannot be seen in this 
view. 

Fig. 3S. Right surface view of the same encephalon as repre- 
sented in Fig. 82. The dividing line between segments 6 and 7, which 
does not appear in the dorsal view, can be seen in this position. Seg- 
ment 6 represents the cerebellum. Segment 9 has become wedge- 
shaped, and in older stages serves as an anatomical landmark. 

Fig. 84. Encephalon of an embryo with 16 somites, 36 hours 
old. Ventral view. Dividing line between segments 6 and 7 is very 
faint. 

Fig. 35. Bight surface view of the same encephalon as repre- 
sented in Fig. 34. Dividing line between segments 6 and 7 can be 
better seen in this position than in the ventral view (Fig. 84). 
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Fig. 36. Encephalon of a chick embryo, 39 honre old. Dorsal 
viev. X ^ diameters. Dividing line between segments 6 and 7 has 
now beoome very difitinot. 

Fig. S7. X^oephalon of chick embryo, 43 hoars old. Bight profile 
view. X ^ diameters. The six segments of the hind-brain are sharply 
defined. Segment 6 represents the medulla. Segment 9 is wedge- 
shaped. The 4th Teutricle has appeared, covered by a thin roof. 

Fig. 38, Dorsal view of the same encephalon as represented by 
Fig. 37. X ^^ diameters. A dorsal constriction (r) has appeared in 
the primary fore-brain, dividing this region into proa encephalon and 
thalomencephalon. 

Fig. 89. Bight profile view of the encephalon of a chick embryo, 
47 hoars old. X ^ diameters. Limits of the nenral segments in the 
medalla are sharply defined. The dorsal constriction (r) divides the 
primfU7 fore-bi-ain as described in Fig. S8. 

Fig. 40. Encephalon of a chick embryo, 60 hoars old. Bight 
profile view. X ^^ diameters. A dorsal groove (s) has appeared, 
dividing the thalamencephalon. These large anterior divisions are very 
different^ however, from the nenral segments of the medalla {6 — II). 
Failare to recognize this has led to oonfosion. 

Fig. 41. Bncephalon of a chick embryo, 80 hoa» old. Right 
surface view. X ^^ diameters. The segments of the medalla are 
aboat to disappear. Segment 6 represents the cerebellnm and forma 
the anterior boundary of the 4th ventricle. The portion between c and 
r represoits the thalamencephalon and is divided by the groove s as 
represented in Fig. 40. The portion in &ont of r represents the 
prosencephalon. A median farrow In the dorsal region has divided this 
into the ri^t and the left lobes of the cerebrom. 

Fig. 42. Parasagittal section throogh the anterior portion of 
SolntO purpuratus, 22 days old. X ^ diameters. Segment 6 repre- 
sents ^e oerebellam. Five segments {1—5) can be counted in front 
of this. Segments 1, 2, 3 represent the fore-brain, and segments 4 and 
5 represent the mid-brain. 

Fig. 43. Horizontal section through the head of S. pi»pwraius, 
26 days old. X ^ diameters. The section divides the right eye, but 
passes dorsal to the left eye. It passes through the dorsal encephalic 
region, therefore segment 2 is narrow and segment S is broad. Com- 
pare this with Fig. 13, Plate 1. 

Fig. 44. Horizontal section throngh the anterior portion of a chick 
embryo with 4 somites, 23^/, hoars old, with open nenral groove. 
Eleven neural segments are present (1 — II). The dividing lines between 
these segments appear as external and internal transverse grooves. Com- 
pare this with Figs. 19 and 20 representing an embryo of the same 
age as Fig. 44. 

Fig. 45. Horizontal section through the right wall of the medalla 
of a chick embryo with 14 somites, SS hours old. X ^^^ diameters. 
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The internal ridge jmt opposite the external grooTe g has at its apes 
a groove g'. TheBe grooves mark the dividing line between neural 
Begments 7 and 8. Compare this with Fig. 46. 

Fig. 46. Horieontal section through the left wall of the medulla 
of S. purpuratus, 22 days old. X ^^^ diameters. The external and 
internal grooves (g and g'), aa in iHg. 46, mark the dividing line be- 
tween neural segments 7 and 8. 

Fig. 47. Transverse section through the head of S. purpunttui, 
SI days old. The section passes through the region of the mid-brain 
and shows on the left side the ocnlomotor nerve {III) and its con- 
nection with the brain. 

Fig. 48. Horizontal section through the cerebellnm (segment 6) 
and adjacent segments of S. purpwakts, 23 days old. The right aide 
only is represented, and shows the connection of the anterior root of 
the right trigeminal nerve with the crest of the cerebellnm ajid the 
Oasserian ganglion. 

Fig. 49. Horizontal section through the head of S. purpurtUus, 
31 days old. On the left side the section shows the union of the 
fifth pair of cranial nerves with segment 7 and the seventh and eighth 
pair with segment 9. 

Fig. 60. Horisontsl section through the head of a chick emfaiyo, 
40 hours old. The figure represents only the right side, and shows 
the union of the fifth pair of nerves with the posterior portion of seg- 
ment 7, the union of the seventh and eighth pair with the posterior 
poi-tion of segment 9, and the union of the ninth pair with segment II. 
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